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TRANSLATOR'S    PREFACE. 


The  volume  now  oflfered  to  the  raembers  of  the  Cavendiati 
Society  is  the  first  part  of  a  translation  of  Gnielin's  "Handbuch  der 
Chftniej'"  comprising  the  General  L»W6  of  Chemical  Actiouj  and 
the  Cheniiral  Relationa  of  Light,  Heat,  and  Electricity.  Tlie 
publication  of  tiie  last  edition  of  this  Great  Standard  Work  was 
commenced  by  the  author  iu  1843,— -since  which  time,  these 
blanches  of  science  have  been  enriched  by  many  important  dis- 
coveries. A  full  account  of  the  whole  of  theee  researchea  would 
Iiare  extended  the  volume  to  too  great  a  length;  I  have  therefore 
contented  myself  with  introducing  the  most  Important.  The  prin- 
Ci{)al  arhlitions  relate  to  the  following  subjectis; — Relation  between 
Atomic  Weight  and  Density; — Relation  of  Light  to  Magnetism; 
the  Calotype  Process;  Thermogmphy; — Radiation  and  Conduc- 
tioDoflleat;  Expansion;  Specific  Heat;  Latent  Heat  of  Liriuide 
and  of  Vapours;  TensioD  of  Vipours-  Lii^ucfiKtion  and  Solidifi- 
catiim  of  Gasea;  Development  of  Heat  lii  Chomical  Combination; 
I>ee<>mpoBitioa  of  Water  byrlieafi^D^^ehjpment  of  Electricity 
by  the  eecape  of  High-preajsu^q^stpto)'  Gfpve's  Gaa  Voltaic  Bat- 
tery; and  the  Magnetic  Cond£ti<:^  of  it}l  ^irtter. — Additions  have 
likewiiMS  been  made  to  the  lists  of  Memoirs  at  the  beads  of  the 
chapterH.  The  new  matter  is  kept  quite  distinct  from  the  original; 
more  complete  incorporation  would  have  reijnired  alterationa  in 
the  text,  which  a  translator  is  by  no  meanE  justified  in  making, 

A  few  words  are  necessary  with  regard  to  nomeDclature.  In 
tlie  portion  of  the  work  included  in  the  present  volimic, — relating 

icipally  to  jthysical  acience, — it  has  been  the  Author's  practice 
"wither  to  copy  or  translate  the  terras  used  by  the  different  writers 
from  whose  works  or  memoirs  he  has  borrowed,  than  to  adopt  a 
ftrictl^'  systematic  nomenclature.  A  similar  course  is,  for  tlie 
tiio«t  part,  pursued  in  the  translation, — retaining,  for  example, 
ll..  ""  Liy  terms,  sulphnrrt  and  p/wsphtiret,  instead  of  tlie  more 
»y .  .,--.!  J  appellations,  sulphide  and  phospfddey  proposed  by  Pro- 
fcMorw  Graham  and  Hofmann.     It  is  true  that  this  mode  of  pro- 
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ceeding  renders  the  nomenclature  adopted  in  the  present  volumft' 
somewhat  different   from   that  wliich  will   be  employed  in  the 
sequel:  but  the  differences  thereby  occasioned  arc  not  likely  to 
create  confusion,  especially  aa  the  noinenckture  to  be  used  in  the 
remainder  of  the  work  will  be  fully  explained  in  the  course  of  thej 
second  volume. 

The  imrae^  of  ecTcnU  of  the  elements  in  the  original  are  some- 
what different  from  those  in  common  use;  for  instance,  the  ordi- 
nary terms  Maffmsium,  Alttminum,  and  Glucinum,  are,  for  the  sake 
of  hrenty,  replaced  by  Magnimn,  Alamhim,  and  Glt/cium.  These 
alterations  it  is  impoasible  to  retain  in  an  English  triiuslation;  for 
the  adoption  of  them  would  render  it  necessary  to  substitute  tha 
corres|K)nding  terms  Mapnia,  Alumia,  and  Glyciu^  for  MaffnesiOf  I 
Alumma,  and  Gluctna, — an  alteration  which  we  are  wtircely  at 
liberty  to  make,  esijecially  with  words  of  such  conunon  oecurrencia^ 
m  mafftiesia  and  ahtmina.  In  German,  the  same  diflfioulty  does  not  i 
occur:  for  the  names  of  the  tlirec  oxides  in  question  are  totally 
different  in  form  from  those  of  the  eoiTcsponding  metals,  viz. 
Talkerdc  for  mngnesla,  Thonerde  for  alumina,  and  Beryllerde  for 
gluctna.  ^H 

The  deeimnl  (Tpl^aslajid  't^^mp^'implovcd  in  the  original 
have  been  retained  iu.jhe  tnuiflatj'in.  If  it  should  be  thought 
neoeaaary,  in  any  parti(;aliy;*hv>thjpces  to  ascertain  the  e(iuivalent 
values  in  the  English  *j^iijfti,:tli<;'t^i|ircd  data  will  be  found  in  a 
table  near  the  bogimiin^' bF"'the  iVtnrk  (p.  ix).  For  the  most 
part,  however,  such  reductions  may  be  entirely  diqyent'ed  with: 
for  scientific  chemistry  ia  more  concerned  with  relative  than  with 
absolute  magnitudcis;  and  therefore,  the  particular  unit  or  mode  of] 
subdivision  adopted  is  unimportant,  except  in  so  far  as  convenience 
and  simplicity  are  concerned;  and  in  these  resjjects,  the  decimal 
system  Is  incomparably  superior  to  cmry  other.  In  some  few  in- 
stances, in  which  absolute  magnitudes  are  of  spccitd  importivnce, 
the  English  equivalents  arc  given  in  addition  to  the  original  data 
in  the  decimal  system. 

H.  W. 

TTnivtrnty  CofUge, 
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Robrrt  Jamem-n.     Edinburgh.     1B26-47.     43  Vol.     Continued. 
Sili.  Am.  J. — Tiio  American  Journal  of  Science  and  Arte;  by  SilJiman, 
Newhaven.     l6iy-45.     49  VoL     Second  Series,   Vol.  1 — 3.     Con- 
tinurd. 
Bruffn.  Gium. — Ctjornale  di  fisica,  cbimica,  b  storift  natumJe,  di  Lm(fi 

(lallerly  by  Umpari)  HrwptaUUi.     Pavia,     180S-26,     19  Vol. 
Bin.  tW.— Bibliotheca  italijiiin,     Mikiio.     1816-40.     100  Vol. 
Mergmuti.    Oputc. — Torbtrni   Bergman:    Opuscula    pbyeica   et   chemica. 

Holm,  Upa.  et  Aboio.     177y-90,     6  Vol. 
Schrth  Opim:. — Car.  Guil.  ScheeU:  Opuscula  chemica  ct  phyaica.     Lips, 

178»_1789.     2  VoL 
Klapnith  Briir.^-QeiiT'i^Q  zur  cbcniischon  Kenntuisa  dor  Mineral-k&rper, 

von  J/,  11.  Klaproth.     Berl.  u.  Stelt.      1705—1815.     6  Vol. 
IMtoiif  System, — A  new  System  of  the  Chemical  part  of  Natuiul  Philo- 

iM>plij,  by  John  DctUon.     Manchester.     1808.     2  Vol. 
Davy,  i'/rm,— Elements  of  the  Chemical  part  of  Natural  Philosophy,  by 

Sir  Ilnmphry  Davy.     London.     1810. 
Gaf-Luunc  el   Thin<trd,  Recherck. — Rechcrches   phyaioo-chimiqaeB,   par 
Gai/'Luuw^  (t  Tliinard.     Paris,     1811,     2  Vol. 


Tlii  ABBREVIATIONS. 

Bendiut  Jakmib. — Jahreebericht  uber  die  Fortschritte  der  pbysiscben 
Wisaenscbaften,  Ton  Jacob  Beneliua.  Tubingen.  1822-47.  20 
Vol. 

JBendius  Lehrb. — Lehrbnch  der  Chemie,  von  J.  J.  Benelitu.  Dritte 
Aaflwe.     Dresden  nnd  Leipzig.     1833-41.     10  Vol. 

JiiUeherlim  Lehrb. — Lehrbnch  der  Chemie,  von  E.  Mitscherlich.  Aujl. 
2.     Berlin.     1834-40,    2  Vol. 

Oraham  Elementt. — Elements  of  Chemistrj,  by  Thomat  Graham.  Lon- 
don.    1842. 

Oraham  LArb. — A  translation  of  the  same  into  German,  by  F.  J.  Otto. 
Brunswick.     1840-41.     2  Vol. 

H.  Bote.  Anal.  Chem. — Handbuch  der  analytischen  Chemie,  von  Heinrieh 
Bote.     Aofl.  4.     Berlin.     1838.     2  Vol. 

Dumas  angew.  Chem. — Handbuch  der  angewandten  Chemie,  von  J.  Du- 
mat:  tibers.  von  G.  A.  nnd  Fr.  Engelhart.  Niimberg.  1830-37. 
Bis  jetzt    5  Bande. 


AH  temperatures  are  given  in  degrees  of  the  Centigrade  thermometer 
Bxoepting  when  otherwise  expressly  stated. 

The  names  of  anthors  who  have  made  their  investigations  in  concert 
are  connected  by  &,  not  by  and. 

All  sections,  paragraphs,  &c.,  added  by  the  Translator  are  dis- 
tinguished by  the  sign  ^  at  the  beginning  and  end;  additional  foot- 
notes are  signed  [W]. 


WEIGHTS  AND  MEASURES. 


In  the  new  Prcucb  system  of  weig^hta  and  jncasureB,  a  Metre  is  the 
B-milliontli  part  of  tte  distance  from  the  North  Pole  to  the  Equator,  or 
of  half  the  length  of  a  meridian.  It  Is  divided  into  tenths,  hundredths, 
and  thousandths,  or  DccimetreB,  Centimetresj  and  Millimetres. 

1  Metro  =  0-513074  French  Toises  =  3  Paris  Feet  and  ll'l  Lines 
=  36-34128  Par.  Inches  =  39-37079  English  Incluis. — A  French  Foot 
=  0-32484  met.;  au  English  Foot  =  0'364794«  met,  and  a  Swedish 
Foot  =  0-2(>6e67  met. 

1  Cubic  Metre  =1  Stere=1000  Litres  =  1 ,000,000  Cubio  Centi- 
ntetres. 

1  Cubic  Decimetre  =  1  Litre  =  1000  Cnbic  Centimetres, 

I  Gallon  EnglisU  =  4*543  Litres. 

1  Cubic  Centimetre  of  water  at  +  4*  C,  Ita  point  of  maximum  dcn- 
eity,  weighs  1  Gramme:  hence,  1  Litre  of  water  at  4°  weighs  1000 
Grammes  (about  2  pounds);  and  1  Stere  of  water  weighs  1,000,000 
Gmmnies  =  1000  Kilogmmmes. 

10,000   Gnimnifs  =  1    Myriagnnnme;    1000  Grammes  =  1    Kilo- 

gramme;    100    Gmmmes  =.  1    Hectogramme;    10  Grammes  =  1   Peca- 

grammc;    01    Gramme  ^=  1    Decigramme;    001  Gramme  ^  1    Ceuli- 
^&mnie;  0*001  Gramme  =  ]  Milligramme. 

1  Gramme  =  18-82715  Fr.  grains,  poids  de  maro  (72  grabs  =  1 
dram);  —  160.<)T022755  grains,  Nsiremherg  weight;  =  28t-015fl9  Hicht 
pfennigtheilchen,  Kcilniah  Markgeiviclit  (05538  Richtpfeunigtheilchen  =  8 
ouocee  or  1  mark);  =  056475  drams,  English  avoirdupois  {16  drams  =  1 
onuoe,  16  ounces  :=  1  pound);  =  lj-44242  grains,  English  troy  imperial 
(4fiOgr.  =  1  oz.  12  07.  =  1  lb.);  =  0-23505  Solotnik,  Russian  weight  (3 
Solotnik  =  1  Loth,  32  Loth  =  1  pound);  =  22-54080  Doli  (96  Doli  =  1 
Solotuik,  28B  Doli  :=  1  Loth,  and  0216  Doli  =  1  Russian  pound). 

1  Paris  Cubic  Inch  of  water  at  4'  weighs  Tfl'83fi  Grammes  =  3194 
Grains  Niircmberg  weight; — 1  Rhenish  Cubic  Inch  of  water  weighs 
17-891  Grammes  =  288  1  Niir.; — 1  English  Cubic  Inch  of  w.iter  weighs 
16-801  Gramme*  =  264  5  Niir.  wt. 

I  Apothocarie*'  pound  (12  o?.)  weighs;  in  Austria,  420*009  Grammes 
— in  Holland,  374-»6  grni. — in  England,  troy-weight,  3720!>86  grm. — 
in  Bavaria,  360  grm. — in  Nliremberg,  357'6639]  grm. — in  Hanover, 
357-5GWG  grm.— in  Sweden,  356'22687  grm.— ia  Pruseia,  350-78348 
gnu. 


H'EIGHTS  kyV  MlAStTRBS. 


Areometer /or  Liquids  heavier  t/uin  Water, 


Deg. 

Beck. 

Banmtf. 

Deg. 

Deck. 

Biame. 

Beg. 

Beck. 

BauD^. 

«. 

*, 

a. 

*' 

a. 

». 

1 

I0O&9 

1-OOfi 

1007 

26 

1-1806 

1220 

1-215 

51 

1-4286 

1-546 

1-531 

2 

10119 

1-015 

014 

27 

l-l8Hfl 

1-2.10 

1-225 

52 

1-4407 

1-563 

1-546 

3 

lOl&O 

1-022 

020 

28 

11972 

1241 

1-235 

53 

1-4530 

1-580 

1-562 

4 

10211 

1-029 

028 

2S 

1-2057 

1-252 

1-245 

54 

1-4655 

1-598 

1-578 

5 

1  030,1 

i-o;i6 

034 

30 

1-2143 

1-263 

1256 

55 

1-4  783 

1-616 

1-596 

6 

10366 

1043 

041 

31 

1-22S0 

1-274 

1267 

26 

1-4912 

1-634 

1-615 

7 

1  04S9 

l-O&l 

049 

32 

1-2319 

1-285 

1-278 

57 

1-5044 

1-653 

1-634 

e 

10494 

1-049 

057 

33 

1-2409 

1-296 

1-289 

58 

1-5179 

1  672 

1-65S 

9 

10559 

1-067 

064 

34 

1-2500 

l-30« 

1-300 

59 

1-5315 

1691 

1-671 

10 

1'0625 

10:3 

072 

3d 

1-2593 

1-320 

1312 

60 

1-5454 

1-711 

1-690 

11 

10692 

1-0S3 

osa 

3G 

1-2687 

1-332 

1-324 

61 

1-5596 

1-732 

1-709 

n 

10759 

1-091 

()S8 

37 

1-2-82 

1-345 

1-337 

62 

1-5741 

1-753 

1-729 

13 

I  08-28 

l-(l9f> 

096 

38 

1-2879 

1-3S8 

1-349 

63 

1-5888 

1-776 

1-750 

u 

10897 

M07 

104 

39 

I  2977 

1-371 

1-361 

64 

I  -6038 

1797 

1-771 

15 

10968 

1-llfi 

113 

it) 

1-3077 

1-384 

1-375 

65 

1-6190 

1819 

1-793 

16 

1-1039 

1-125 

131 

41 

1-3178 

1-397 

1-388 

i  66 

1-6346 

1-842 

1-81& 

17 

l-llll 

1134 

130 

42 

1-3281 

1  410 

1-401 

67 

1-6505 

1-866 

1-839 

IS 

1  11^4 

1-145 

138 

43 

1-3386 

1-424 

1-414 

68 

l-6fifi7 

1-891 

1-864 

10 

1123B 

1-152 

147 

44 

1-3492 

1  43B 

1-428 

69 

1-6832 

1916 

1-Sfi5 

20 

11333 

1161 

157 

45 

1-3600 

1-453 

1442 

70 

1-7000 

1-942 

I  909 

21 

1  1109 

1-170 

166 

46 

1'3710 

1-468 

1-456 

71 

1-968 

1-935 

22 

11486 

IISO 

176 

47 

1-3821 

1-483 

1-470 

72 

1995 

l-9«« 

23 

M565 

1*190 

183 

4S 

V3934 

1-498 

1485 

73 

2  023 

24 

11644 

1-200 

195 

49 

t-4050 

I-5H 

1-500 

74 

2052 

2» 

iim 

I'ZIO 

1-205 

5U 

1-4167 

1'530 

1-515 

79 

2-091 

4 


The  ecftlea  of  Beck,  Cartier,  5,  and  Beaumc  5,  are  taken  from  Gra- 
baiu's  Lekrintch,  I,  I5S;  those  of  Cartier  a  aod  BeaniD§  a,  in  which  the 
BpeciBc  gravity  of  water  at  12*5*  C.  18  assumed  i=  1-000,  and  likewise  the 
«i«J«  of  Gay'Lttssac's  Alcoholometer,  axe  from  Maroseau'e  Memoir.  (J. 
i*Aan».  16,  4W2.) 


Areometer  Jbr  Liquvii  litfk 

terihan 

Wti(^. 

Dcf. 

Beck. 

Cartier, 

Baufflf. 

Dqt. 

Beck. 

C«rtkr. 

Banmj. 

a. 

i. 

a. 

*. 

70 

07083 

55 

0-7556 

^  J 

, , 

0-763 

69 

0-7112 

54 

0-7589 

68 

0-7142 

53 

0-7623 

67 

0-7173 

52 

0-7658 

66 

0-7203 

51 

0-7692 

65 

0-7234 

50 

0-7727 

0-784 

64 

0-7265 

49 

0-7763 

0-788 

6S 

tt-7296 

4S 

0-7799 

0-792 

63 

0-7328 

47 

0-7834 

0-795 

61 

0-7359 

46 

0-7871 

0799 

60 

0-7391 

fc. 

*  < 

0-744 

45 

0-7907 

0-803 

59 

0-7423 

44 

0-7944 

0-794 

O-807 

S8 

0-7456 

43 

0-7981 

0-799 

0811 

57 

0-7489 

42 

0-8018 

0-804 

0-816 

56 

0-7522 

I 

41 

0-8061 

0-809 

0820 

^             WKJGKTS  AND  MEASUKBS. 

^^ 

Deg. 

Beck. 

Cartier, 

Bailing. 

Deg. 

Seek. 

Cu-tier. 

Biinm£.               ^1 

0. 

A. 

a. 

b. 

H 

40 

0-80M 

0-8U 

., 

0-824 

20 

0-8947 

0-929 

0-934 

0-933                  H 

39 

0-8133 

0'819 

0-824 

0-829 

19 

0-9^94 

0'93S 

0-941 

0  939                 ■ 

3B 

0-81 7a 

0-825 

0-829 

0-834 

18 

0-9042 

0-942 

0*948 

0946                 ■ 

M 

0)9212 

0-830 

0-834 

0-839 

17 

0-9090 

0-949 

0-955 

0-952                ■ 

36 

08252 

0-835 

0-839 

0-844 

IS 

0'9139 

0-')56 

0-962 

0-959               ■ 

i& 

0-8292 

0-940 

0-845 

0-849 

IS 

0-9189 

0-963 

0-969 

0-965               ■ 

»l 

0-8355 

(1-845 

0-850 

0-854 

14 

0-9239 

0-970 

0-976 

0-972               ■ 

S3 

0-8374 

0-851 

o-jtsa 

0-859 

13 

0-9289 

0-977 

., 

0979               ■ 

32 

0S41S 

0>i45S 

0-861 

0-964 

12 

0-9340 

0-985 

^^ 

0-9  SO               ■ 

SI 

0  8457 

0-862 

0-866 

0-8G9 

11 

0-9392 

0-992 

*  ■ 

0-992               ■ 

30 

0-8500 

0-8(17 

0-872 

0-B75 

10 

0-9444 

1-000 

, , 

lOOO          _^ 

29 

0-3542 

0-372 

0-878 

0-881 

9 

0-9497 

^^^H 

28 

0-8585 

0-879 

0-883 

0-886 

e 

0*9550 

^^^^H 

S7 

0-B629 

O-BSd 

0-889 

0-892 

7 

0-9604 

^^^1 

se 

0-867S 

0-891 

0-895 

0697 

6 

0-9659 

^^^H 

25 

0-8717 

0-S97 

0-901 

090;< 

5 

0-9714 

^^^H 

24 

o-aic-i 

0-903 

0-907 

0-909 

4 

0-9770 

^^^1 

23 

0-S^U3 

0-9U9 

0-914 

0915 

3 

0-9826 

^^^^1 

22 

0-8354 

U-916 

0-921 

0-921 

2 

0-9883 

'^^^^1 

>! 

0-8900 

0-922 

0-D27 

0-927 

1 

0-9941 

^B 

Oit^-Limadt  A 

kofwiottu 

tm-{A 

leom-Hre)  «tl  15". 

m 

Degree. 

Sp.  Qt. 

D«gr«e, 

6p.Gr. 

Degrw. 

Sp.  Gf. 

DegKM. 

fip.  6r.              H 

100 

0-793 

rs 

0-8J9 

50 

0-93 

16 

25 

0-971               H 

99 

o-sno 

74 

0-881 

49 

0-9; 

18 

24 

0-972               ■ 

«a 

0*105 

73 

0-884 

49 

0-MO 

23 

0-973               ■ 

«; 

081O 

72 

0-886 

47 

0-941 

22 

0074               ■ 

94» 

0-814 

71 

0-888 

46 

0-943 

21 

0-975               B 

fli 

0-818 

70 

0-891 

4& 

0-945 

30 

^^1 

1       «l 

0-S22 

69 

0-893 

44 

0*946 

19 

^^1 

1       n 

0-li26 

ea 

0-S96 

43 

0-948 

18 

0-978        ^^B 

1              93 

0-829 

67 

0899 

42 

0-949 

17 

0-979              H 

^_     91 

0-832 

66 

0-902 

41 

0-951 

16 

0-980               ■ 

^K   M 

0-835 

65 

0-904 

40 

0-953 

15 

0081               ■ 

^H   «9 

0-838 

64 

0-906 

39 

0-954 

11 

0-9i»2               ■ 

^H    88 

0-842 

63 

0-909 

38 

0-956 

13 

0-983               ■ 

^B    87 

0-845 

62 

0-9U 

37 

0957 

13 

0-984               ■ 

^B    8« 

0-84B 

61 

0913 

36 

0-959 

11 

0-980              ■ 

^H     SS 

0-flSl 

60 

0-915 

35 

0-9M 

10 

0-987               ■ 

^^     U 

0-«54 

59 

o-9ia 

34 

0-962 

9 

fl-9ea          ■ 

■        «a 

0B&7 

as 

0920 

33 

0-963 

8 

0-989               ■ 

■ 

0660 

57 

0-9^2 

33 

0*964 

7 

0-990               ■ 

■ 

0-863 

56 

0-924 

31 

0-965 

6 

0-992               ■ 

■        m 

O'SOa 

55 

0-926 

30 

0-966 

5 

0-993               ■ 

V 

0-8C8 

54 

0528 

29 

0-967 

4 

0994                ■ 

■        » 

0-871 

53 

0-930 

28 

0-968 

3 

0-996               ■ 

■ 

0874 

52 

0-933 

27 

0-969 

2 

0-997              ■ 

1    " 

0-876 

51 

0-934 

26 

0-970 

1 

0*999              ■ 

I            ' 

DESCRIPTION  OF  THE  PLATES. 


PtATES  I  iND  II.     Crystals, 

1.  Regular  Sgsttm. — a.  ffomohedral.     Fig.  1 — 12. 
b.  //«niA<?(fra^.—«.  Tetrahedron-    ft[j.  13^17-— 13.  Pentagtwial  Do(l<5- 

caliedron.     Fig.  18—20, 

2.  Square  Prismatic  or  Four-metRbived  Sydem, — a.  ffomohedral.  Fi^. 
21^39. 

21  and  22:  Atiatase;— 23,  29;  Zircon;— 24,  27,  33:  WoTybdate  of 
lead; — 25,  2(J:  Hydnited  feiTt>cyanide  of  potassium; — 28,  39:  VeBuvian; 
— 30:  Acid  phospliato  of  potasL  (KO,  2H0,  PO'  +  2H0)  or  acid 
araeniate  of  potash  (K  0,  2H  0,  AsO'  -|-  2H  0); — 31 :  Snlphate,  seleui&te, 
or  chromate  of  silver  and  animouia; — ^32:  Apophyllitej — 34;  Cyanide  of 
mercury; — 35;  Nickel-speiasj — 36;  Sulphate  orseleniateof  zincor  nickel; 
— 38:  CalomeL 

b,  ffcmiftedrcU.     Fig.  40.— Parasulphat-amm&a. 

3.  Two  and  two-vifvibered  QT  Right  PrisfTiaiic  Sysitm.     Fig.  il — 80^ 
41 — 44;  Sulphur;  45;  Tartar-emcti(;;^46:  Iodine; — 47,  48:  Sulphate 

oflead; — 49;  Sulphate  of  baryta;^ — 50:  Nitrate  of  silver; — 51,52:  Chloride 
of  barium; — .53:  Hyjterchlorate  or  hypermangEinate  of  potash  or  ammonia; 
— 54 — 58;  Nitrate  of  potash; — 50;  Sulphate  or  Bcleniate  of  diver  or  soda, 
and  hyperuiangauatc  of  baryta  ;-^60:  Camphor  of  cubebs; — 61 — 63: 
Acid  phoepbale  of  soda,  crystalline  s^^stem  1 ; — Acid  phosphato  or  arae- 
niate of  soda.  System  2; — 65:  Morphia; — 66:  Hyposulphate  of  silver; 
— 67,  68:  Mellitate  of  ammonia; — 69;  Bicarhonate  of  ammonia; — 70: 
Protochloride  of  mercury  ;~7],  72:  Sulphate  of  magnesia; — 73:  Sulphate 
of  iinc  or  nickel; — 74:  Indigo; — 75:  Chloride  of  mercury,  copper,  and 
potassium; — 76,  77:  Neutral  sulphate  of  ammonia,  or  neutral  sulphate, 
eeleniat«,  chromate,  or  manyunato  of  potas:li;— 7S:  Oxalate  of  ammonia; 
— 79:  Citric  acid ;— 80.  R acholic  salt. 

4.  TtiN>'mtd-on€-^J7temhirfd  or  Ohliqttt  Prismatic  Sj/tt^fm- — a.  The  ha« 
vuiJcimf  an  oblique  angle  wiiii  tfu  ol/ime  lateral  tdge  of  the  rhombic  pritm. 
Fig.  81—100. 

$1,  87:  Iodide,  bromide,  or  chloride  of  potassium  with  four  atoms  of 
water; — 82:  Chondrodite;'— S3;  Chlorate  of  potash; — Sulphate  of  mag- 
nesia and  potafih; — 85:  Sulphate  of  nickel  and  potash; — SG:  Chromate 
of  ammonia;— 68:  Hyiwrmanganato  of  silTer; — 89:  Pyrophosphate  of 
I  Boda; — 90:  Bicarbonate  of  potash. 

ft.  Tfie  acute  lateral  edge  of  the  rhombic  prUm  making  an  otiliyiti  angle 
teith  the  base.     Fig.  10  i — 1  Ifl. 

01,  92;  AugitV;— 33— 95;  Neutr»l  phosphate  of  ammonia  (2N  H*  0, 
HO,  PO'  +  24H  0)  or  arseaiato  of  ammonia; — 96 — 100:  Ordinary 
phosphate  of  soda  (2Na  0,  H  0,  P  0*  +  24H  0)  or  arseniate  of  eoda; — 
101,  102:  Phosphate  or  arseniato  of  eoda  and  ammonia; — 103,  105: 
Borax; — 100;  Acetate  of  lead; — 107,  108:  Phosphate  or  arseniate  of 
soda  and  potash; — 109:  Tartaric  aeJd; — 110:  Acetate  of  copper; — 111: 


DESCRIPTION  OP  THB  PLATES.  ZIU 

ProtoBulpliate  of  iron  or  cobalt;— 112:  Acetate  of  zinc;— 113:  Acetate 
of  soda; — 114:  Carbonate  of  soda  with  ten  atoms  of  water;— 115:  Hy- 
drated  ferrocyanide  of  sodiam; — 116:  Hydrated  carbonate  of  magnesia. 

e.  One-andrtwo-membered  System.     Fig.  IVJ—Wd. 

117:  Oxalic  aoid; — 118:  Cl^omate  of  soda; — 119:  Sulphate  of  soda. 

5.  Mittcherlich^$  System,     Fig.  120:  Hyposulphite  of  lime. 

6.  One-androne-^nembered  or  Doubly  Oblique  Prismatic  System.  Fig. 
121—130. 

121 — 123:  Sulphate  of  copper;— 124,  125:  Axinite;— 126:  Gallic 
acid; — 127:  Succinate  of  ammonia; — 128:  Succinate  of  soda; — 129: 
Boraoioadd; — 130:  Alkargen. 

7.  Three-and-one-membered  System. 

a.  Sit-membered  or  HexagonM  System.    Fig.  131 — 140. 

131:  Quartz; — 132,135:  Sapphire; — 133:  Hyposulphate  of  strontia; 
—134,  136:  Emerald;— 137— 140:  Calcspar. 

b.  Three-atid-ihree-^membered  or  £hombohedral  System. 

»,  Forms  derived  fi-om  an  obtuse  rhombohedron.    Fig.  141—150. 

141—143  and  145 — 150:  Calcspar; — 144:  Neutral  hyposulphate  of 
lead. 

/J.  Forms  derived  from  an  acute  rhombohedron.     Fig.  1 51 — 1 60. 

151,  153,  155,  156  and  157:  Specular  iron; — 152,  154:  Calcspar; — ■ 
158:  Sesqoi-oxideof  chrominm; — 159:  Red  silrer  ore; — 160:  Cinnabar. 

Plate  III. 

S<^eme$  of  Chemical  Bamnposition. 

Decomposed  compounds  are  indicated  by  dotted  lines;  newly  formed 
compounds,  by  full  Imes. 

PI.ATB  IV. 

Apparatus. 

Electro-chemical  Apparatus  and  Processes.    App.  I— '33. 

25:  Daniell's  Constant  Battery. 

26:  Grove's  Battery. 

27:  Trough  or  Cell  Apparatus. 

28  and  29:  Faraday's  voltameter. 

31  and  32:  Faraday's  Battery. 
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INTRODUCTION. 


ITSTRV  ia  n  brancii  of  Nalnral  Scienoe. 
Kstnral  Science  embracer  tbe  whole  range  of  sensible  objeets,  their 
proitertics,  and  the  cbangcs  to  whicli  they  are  subject,  in  so  ia,T  as  these 
cbaiip-s  are  not  referable  to  the  iuwanl  workinj^s  of  the  human  miinl. 

Somp  branches  of  Natural  Science  consider  the  several  classes  of  bodios 
in  a  stuto  of  r^jst  according  to  their  sitoation,  magnitude,  form,  slnictnre 
aodl  other  physical  properties;  such  are  Deacriptivo  Astronomy  and 
Geology,  Miueralogy,  Botany,  Zoology,  Animal  and  Vegetablo  Anatomy, 
Other  branches  of  Natural  Science  take  into  consideration  the  changes  to 
which  the  various  claascf  of  bodies  ar*3  snliject,  without  reference  to  the 
Bes  by  which  these  chanj^eB  are  brought  about;  f.ff.,  Physical  Aetro- 
ay  and  Geology,  Animal  and  Vegctabie  Physiology,  Nosology,  Thera- 
peutic$.  Lastly,  Physics  and  Chemistry  regjird  these  changes,  not  according 
•  the  classes  to  which  the  bodies  belong,  but  according  to  the  aeveral 
hv  which  the  chants  are  produced.  All  the  changes  to  which  the 
JM  of  the  uoirerae  arc  subject  may  be  referred  to  the  following  causes 
'cr  Forofjt. 

I.  R&puhitm:  which  Tnanifests  itaelf,  either  in  the  fomi  of  Impene- 
tMbtlity,  or  in  that  of  Expansive  Force. 

II.  AU ruction  :  viVich  includes 
I.  Mfchmiml  Ailractirm,  by  which   bodies  are  drawn   together 

without  any  alteration  of  their  properties  excepting  aa  regards 
the  space  which  they  occupy ;  and  this  maybe  subdivided  into—' 

a.  Gravitation,  or  Attraction  acting  at  a  distance  and 
between  large  mas.'iea. 

b.  Cohetinn,  or  Attraction  between  bodies  of  the  earns  kind, 
and  at  immeasurably  email  distances  only. 

c.  Adheiion,  at  Attraction  between  bodies  of  different  kinds, 
acting  at  immeasurably  small  distances  only,  and  pro- 
ducing a  heterogeneous  mass. 

d.  Chemical  Atfraetian,  A^nity  or  Attraction  between 
bodies  of  different  kinds,  acting  at  immeasarably  small 
distances  only,  aad  producing  a  homogeneous  mass. 

III.  Vital  Forcf,  or  that  peculiar  power  by  which  the  most  important 
alterations  in  living  organized  bodies  are  produced. 

All  changea  produced  by  mechanical  Attraction  belong  to  the  province 
of  PhystcB ;  the  phenomena  resulting  from  vital  force  to  that  of  Animal 
amJ  \  eget.'»ble  Physiology. 

Chemistry  relates  exclusively  to  those  changes  of  bodies  which  are 
broui^ht  about  by  Affinity,  Now  since  these  changes  consist — (1)  in  the 
conibiutttion  of  dissimilar  bodies  into  a  homogeneous  mass,  and  (2)  in 
occasionally  resulting  separations  of  dis'sltnilar  kinds  of  matter  from  a 
bomojg<^oous  nia£8.  It  follows  that  CLemistry  may  be  defined  as  tbe 
•cicncn  which  treats  of  the  combination  of  dissimilar  bodies  into  homo- 
{nneous  uiaaeee,  and  of  the  aeparation  of  dissimilar  bodies  from  homo* 
gen«on8  111MM6. 
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INTHOlJUCrrON. 

The  range  of  Chemistry  thua  raarked  out  ie  oularged  by  tHio  following 
congiJeriition^, 

1.  By  a  short  accouDt  of  Cobesion  and  Adhesion. 

2.  By  the  emimcralion  of  the  physical  properties  of  the  elementary 
bodies  and  of  the  compounds  formed  by  tlicir  muttial  affinities,  particularly 
of  thoae  which  do  not  conio  within  tho  province  of  Mineralogy. 

On  tbe  other  hand,  the  range  of  the  science  is  narrowed  by  the 
consideration  tliat  tho  relations  of  the  Impouderablea  netnl  not  be  treated 
in  all  their  detail,  inasmuch  as  the  study  of  these  bodies  forms  an  import- 
ant branch  of  phyfiictU  science. 

Chemistry,  regarded  aa  an  independent  acienoe  enibra«iTig  the  whole 
range  of  chemical  knowledge  and  rofjarding  the  chemical  properties  of 
the  various  kinda  of  niattcr  without  reference  to  any  ajiplication  of  them 
beyond  the  bounda  of  the  science  itself,  t8  distingnishod  by  the  name  of 
I'tire,  Theoretical  or  Philosophical  Chnimtrtf.  And  inasniueh  as  pstrti- 
cnlar  bnuicbes  of  it  serve  to  throw  light  on  other  sciences,  tlie^  several 
brsnchfifl  have  received  tho  names  of  Pht/aical,  Minitrahgical,  Pbysioiogl- 
cal.  Medical,  Affricnltitraf  Chemtatry,  ic 

Cheraiatry  ia  an  Art  as  well  aa  a  Science.  For  it  teacliea  not  only 
what  combinations  of  disaiuiilar  bodies  into  boTnn<,'eDeou8  masses  ami  what 
decompositions  of  these  latter  are  pumible;  but  likewise  what  rules  must 
be  fallowed,  what  nicehanionl  means  must  be  adopted  to  bring  about  thcra 
combinations  and  decompositions.  This  is  Practicul  Ch-emiMTtf,  It  is 
subdivided  into  Spith^ticul  Chetnidry  tho  object  of  whtcli  is  the  union  of 
dissimilar  bodies  into  bomogcneoua  masses;  and  Anfjlffiical  C/tfml*tfif 
which  teaches  bow  to  detect  the  several  constituents  of  a  compound  body 
and  estimate  their  quantities.  The  art  of  A isaffijiff  or  Docimasy,  whiclt 
relates  to  the  detection  and  estimation  of  tho  precious  metals  in  their 
various  compounds,  ia  a  branch  of  analytical  chemistry. 

Applied  Chemi^ry  comprehends  the  art  of  preparing  the  various 
subetancee  used  in  the  ordinary  busineea  of  life,  in  ao  far  as  such  prepara- 
tion is  based  on  cliemicat  principles.  Its  divi.tions  are  ;  Phamutcffulicai 
Chemistry  which  relates  to  the  preparation  nf  substances  nsed  in  medicine  ; 
and  Technical  Chemistry  which  is  concerned  with  arts  and  mnnufaetureg, 
Thia  latter  is  again  subdivided  according  to  the  several  prodncta  whoso 

I) reparation  it  embraces,— and  more  particularly  into  the  following 
irancbes:  viz.  Mrlallurffy,  ot  the  production  of  metals;  Lithurgy,  or  the 
chemistry  of  minerals:  /Tyalurgy,  or  the  chemistry  of  glass-making: 
Phloffiti'ffy,  or  the  chemistry  of  combustible  bodies :  Ifahirffy,  or  chemistry 
of  salts,  acid^  and  alkalis:  Chriminrgy,  or  chemistry  of  colours:  ^ymo- 
teckny,  ot  cbemistiy  of  fermentation,  &b. 


HlfltOBICAL   SCBTEY. 

In  ancient  times  the  progress  of  chemistry  was  slower,  in  modern 
times  it  has  been  more  rapid  than  tliat  of  any  other  science.  Up  to  the 
end  of  tho  seventeenth  century,  chemical  knowledge  was  confined  to  a. 
few  isolated  facts,  either  relating  to  metallurgy  and  other  cUemieal  art.s  or 
to  the  preparation  of  medicines,  or  such  as  were  accidentally  diaeovere<l 
during  the  fruitless  search  of  the  alchemists  after  the  philosopher's  stone, 
the  transmutation  of  metals,  «kc.  The  marBballing  of  these  facts  into  a 
regtdar  system  wa;s  begun  by  Bccher  and  Stahl  about  the  end  of  tho 
seventeenth,  and  brought  to  a  more  advanced  stage  by  Lavoisier  towards 
the  end  of  the  oFghteonth  century. 


HISTORICAL  SURVEY. 


Among  the  nations  of  antiquity  tlie  Egyptians  appear  to  have  p068essei| 
greatest  anionnt  of  cUeniical  kuowlodgo.  They  prepared  Hiil-aniniouiao, 
i,  common  salt,  vitriol,  glass,  enamel,  tiles,  painted  oartlienware, 
ral  metals  and  niota)lic  alloyg,,  8oap,  beer,  vinegar,  various  medicines 
pigments,  and  knew  tow  to  fix  cfjiours  on  silk  by  means  of  mordants, 
•nd  to  preserve  dea.d  bodies  from  decay.  The  knowledge  nf  the  Egyptians 
cvUiDdeti  itself  to  other  nations,  particularly  the  Jews  aud  Greeks. 
Whether  the  Chincas,  who  have  long  bocn  acquainted  with  tho  preparation 
of  «riilphur,  nitre,  gunpowder,  horai,  alum,  porcelain,  venligria,  paper, 
together  with  dyeing  and  the  forniation  of  various  metallic  alloys,  are 
partly  itidehteil  to  the  Egyptians  for  their  knowledge — is  a  (juestion 
which  must  remain  undecided. 

The  Greeks  sought  to  penetrate  the  secrets  of  nature  less  by  accurate 
rvation  than  by  speculative  enquiry.  Tho  assumption  of  the  four 
lents  (fire,  air,  earth  and  water)  by  Anaximauder  and  other  Grecian 
phil(>Bophcr8  affonis  evidence  however  of  a  right  comprehension  of  the 
roar  principal  states  in  which  matter  can  exist.  Lefia  conformable  to 
ntture  i*  the  opinion  adopted  by  Aristotle  and  others  that  all  matter  is 
enenliaily  the  same,  and  that  the  various  forms  of  it  are  due  merely  tn 
differences  of  shape  in  the  ultimate  particles.  The  Romans  derived  all 
their  diomistry,  as  indeed  all  the  rest  of  their  kuowlcdE^e,  from  the 
Orwiks  without  making  the  smallest  extension  of  it.  Tho  migration  of 
the  northern  nations  and  the  overthrow  of  the  Roman  empire  put  a  atop 
to  the  profjress  of  science  in  Europe. 

On  the  other  hand,  from  the  seventh  to  the  eleventh  century,  the 
flCJeneee,  and  chemistry  in  particular,  obtained  protection  and  cultivation 
liBoogthe'  Arabs  who  had  spreiwl  themselves  over  Spain  and  tho  north  of 
Africa.  Their  chemical  investigations  wore  chiefly  direclcil  to  the  pre- 
paration of  medicines  and  tho  conversion  of  base  into  noble  metals.  They 
ainMMl  at  preparing  sab.atancea  which,  like  the  philosopher's  stone,  should 
free  the  base  metal  from  its  imperfections  or  blemishea  and  thereby 
convert  it  into  a  noble  metal :  they  beltcveJ  also  that  such  a  substance  or 
one  of  like  nature  would  restore  the  sick  to  health  and  even  render  man 
immortal.  Hence  thoy  laid  the  foundation  of  Alchemy.  Geber,  one  of 
the  earliest  chemists,  who  lived  in  the  eighth  century,  was  acquainted  with 
milk  of  sirlphur,  nitric  acid,  aqua  rogia,  solution  of  gold j  nitrate  of  silver, 
corrtusive  sublimate,  red  oiide  of  mercury,  the  preparation  of  litharge,  Ac, 
Afbaka«ia,  towards  the  end  of  the  twelfth  century,  described  a  form  of 
still  like  that  at  present  used  in  the  distillation  of  brandy;  also  the 
distillation  of  vinegar  and  wine,  Tho  words  Alkali,  Almitol,  Aludet, 
fltc.,  which  are  still  in  constant  use,  originated  with  the  Amha, 

The  cniaadci!  served  to  transplant  tiie  chemical  knowledge  and  view* 
of  the  Arabs  into  Europe,  where,  agreeably  with  the  mystical  tendencies  of 
tho  age,  tho  theory  of  transmutation  found  especial  favour;  and  while  tt 
raised  np  persevering  alchemists  who  employed  themselves  in  eiperimenta 
laborious  aa  thoy  were  fruitless  for  tho  purpose  of  obtaining  gold  from  the 
hnupt  metals,  at  the  aanie  time  gave  birth  to  a  host  of  impostors  who 
turned  tho  credulity  of  others  to  their  own  account.  This  rage  for 
alchemy  continued  in  Europe  from  tho  tliirteentli  to  the  seventeenth 
century,  and  though  it  failed  in  attaining  tho  end  proposed,  gave  rise  to 
the  iliscnvery  of  a  ma^s  of  fact:?  which,  had  it  not  been  for  this  thirst  for 
gold,  wftuttl  in  ail  probability  have  long  remained  unknown.  Among  the 
OlOiit  renowned  of  tho  alcheniista  were:  Arnold  do  Villa  Nova  in  the 
iblrteenth  century,  Raimund  Lully  in  tho  fourtecuth,   Bouil  Valentine 

u  2 


INTROTHJCtlON. 


^ 


(tlie  diacoTerer  of  several  compoumU  of  iiutimony  an  I  aUo  of  ammonia)  in 
tlio  firtoenUi,  Parac^isufl  (tho  first  pubJk  tein-her  of  t'heniistryj  who  pre- 
pared many  powerful  me<lici[ic8,  particularly  prcparatione  of  moi-cur^')  in 
the  sixteentli.  Van  Heltautit  (who  even  at  this  early  fteriud  projiomiJed! 
many  philosophical  views  and  was  thp  first  to  dietinguiiili  vnrioui*  aerifonn 
bodiee  by  the  uame  of  Qa»e»  from  conunon  air),  and  Libavios  in  tbe 
eevetiteeDtb. 

Independently  of  the  roigntwg  pursuit  of  ulchemy  there  arose  in  thesfl 
tiines  many  meri  who  ii'ither  ilevoleil  themselves  to  philosophical  rfMeareh 
like  linger  Bacon  and  Albfrtus  Magnus  in  the  thirteenth  century;  or 
exposed  the  delasiona  and  impostures  of  the  alchemist*,  like  Kircber, 
Conring,  Gulhert,  Gtissendi  and  Koplcr;  or  were  the  authors  of  tictentiGc 
works,  like  Georjfe  AtrricoU  {de  re  jnefallica,  1540),  L&zarus  Erket  {Aukl 
tubterranea,  )o74)  and  several  others. 

Towards  the  end  of  the  soventcenth  century,  chemistry  received  »■ 
tinpxpi?cted  extension  from  the  researches  of  Newton  on  attraction  and 
light  and  from  the  expcrimcuts  of  Torricelli,  Guericke  and.  Boyle  on  the 
vacuum.  About  the  same  time,  flcveral  salts  were  discovered  bv 
Olau1>cr,  phosphornt  by  Brandt  and  Kunkel,  eweet  gpirita  of  nitre  and 
seveml  glas«-flaxc«  by  the  latter,  artificial  volcanoe  hy  Nicholas  Lemerjr 
{author  of  the  Coursdi  Vhimie),  and  Ixiraclcacid  and  thealuni-pjrophonu 
by  Homberg. 

At  the  Tery  beginning  of  tbe  eijrhtcenth  century,  George  Ernest  Stahl, 
by  ap]dyin^  the  alreatly  published  views  of  Alberliis  Ma^niL«  and  Becber 
(author  of  the  Phpika  Sfthtrrranta)  respecting  that  most  iiniwrtatit  of  all 
chemical  pT0C<5S.«c.s,  C'3mh\mti>tn,  to  the  whole  collection  of  facts  discovered 
by  himself  and  oiiiers,  and  thus  uniliny  them  into  a  eonnerU'd  whole, 
laid  the  foundation  of  the  first  system  of  Chemistry.  This  system  receivod 
the  name  of  tbe  F/tfw/istic  Tfieoiy,  because  Stahl  ossumol  that  all  com- 
bustible bodies  cont.iin  one  and  the  same  principle  of  combustion,  c&Ued 
P/Uof/Ulon ;  the  escape  uf  this  substance  from  a  boated  combustible  l»ody 
bcin^  supposed  to  produco  the  pheuomena  of  combu^tioh,  and  its  n><^ldltioii 
to  a  burnt  body  to  restore  the  combustibility  of  that  body.  In  tbi.i 
system  Phloj;iston  and  tho  dephtn^isticated  metals  or  metallic  earths 
(metallic  oxide*  of  the  present  system)  were  regarded  aa  elements  and 
displaced  tbe  four  elements  of  the  Grecian  philosophers.  From  this  time 
forward  chemistry  received  more  scientific  cultivation,  and  discoveries 
accuinulaled  more  and  more,  until  towards  the  end  of  the  eighteenth 
ceutnty  a  reform  of  the  system  became  indispensable. 

In  1718,  Geoffroy  published  the  first  7'abl«  of  A^nkies.  Boer- 
hajvve  published  in  1732  a  chemical  work  containing  many  original 
experiments  on  light,  heat,  &c.  Halea  in  17^4  instituted  several  experi- 
mecit^  on  the  air  and  other  aeriform  hodie*i.  Those  experiments  were 
however  much  more  successful  in  the  hands  of  Black,  who  in  1756 
dhowcd  that  the  kind  of  air  given  out  by  fennenting  liqviids  and  evolved 
from  chalk  by  the  action  of  aciils  is  different  from  atmospheric  air;  and 
thus  directed  the  attention  of  exptrimeuters  to  the  more  accurate  inves- 
tigation of  aeriform  bodies.  Margraff,  1754 — 1759,  firrt  established  the 
exiatence  of  magnesia  and  alumina  a«  distinct  earths,  the  ooJy  earths 
previously  recoginJied  being  time  and  silica;  he  also  pKxIuced  suesr  from 
iiaiive  plants,  and  discovered  the  phosphates  in  urine.  Scheelo,  lietwcen 
ihe  years  1773  and  17^6,  discovered,  with  very  slender  menus,  chlorine, 
tbe  hydrofluoric,  nitrous,  pniseic,  tungstic,  molylwlie,  arsenic,  t 
I  citric,   malio,    lactic,  galUc,   and   uric    acids j    also    baryta,   m.ii  j   ; 
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t!y),  oxygen  gas  (diwnverod  just  before  by  Priontley) ;  he  aim 
vmi^tTAtod  the  pres^nco  of  phospliorio  aoiM  in  Konea,  auii  iufjtituU'il 
.-nious  experimontg  on  light  and  hont,  which  led  iiim  to  tlio 
t'g,  new  theory  of  enmbuistiun.  Dcr^iiian  peifected  the  (Joctrjue 
'oi  Aiituity  and  riiade  aeveial  experimeute  on  mrlonie  acid  aud  uther 
Binctori:.  besides  many  iiucctssful  atinlyaes  gf  mineral  suhstenccs.  Caven- 
di^li,  wIk»  first  collected  gnaes  over  water  instead  of  receiving  them  in 
bladders,  wjia  altio  the  firat  to  distinguish  hydrogen;  he  likewise  dia- 
covered  the  formtition  of  carbonic  acid  by  the  combustion  of  cbarcctal,  tjie 
«>mfH>8ition  of  water  and  wf  nitric  ucid  (17C:t — 1785),  Priestley,  wb»  first 
wllcctcd  gaseg  uver  mercury,  discovered  in  1T70  and  the  following  yetira, 
oxygen  ga^,  protoxide  of  nitrogen,  carbonic  oxiile,  anmiomacal,  sul- 
phurtitt^  acid  and  niiiriatic  acid  gasea  and  the  gitseous  fiuoride  of  silicon : 
io  also  first  observed  the  disengagement  of  oxygen  gas  from  tlie  green 
pftrts  of  plants. 

AnUiino  l^ureut  Lavoisier,  whoso  philosophical  e;ireer,  begun  in  1770, 

was  Aithlesjsly  cut  short  in   17f>*i  by  the  guillotine  of  Robespierre,  not 

"fllv  jicrct'ived  the  defects  which  later  discoveriea  had  made  manifest  in 

'  s  theory,  but  availed  himself  of  these  diacoverles   together   with 

ti  experiments  of  his  own,  iniule  with  a  degree  of  accuracy  tti  tha 

1  mination  of  weights  and  volumes  quite  unknown  before  Lis  time,  in 

-■  I  r   to  cetablish  a  theory  in  opposition  to  the  phlogistic,  and  thence 

fxlicd  the  Antiphbtrf'tttic  theory :— attempts  at  the  establishment  of  such 

ft  tlicnry  httd  been  made  by  Rey  in  1630  and  by  Mayow  iu  1670,  but 

viihiiul  sncoesB. 

The  long  established  fact  that  combnsttbla  bodies,  such  as  metals,  do 
OOt  lose  but  gain  weight  when  burnt  (an  attempt  nt  explanation  had  been 
jdo  by  supposing  a  Itxation  of  the  fiery  purtielea  to  take  place)  was 
aecil  in  a  chr'arer  light  by  Lavoisier,  who  showed  that  this  increase  of 
reight  ii<  exactly  ei|Uiil  to  the  weight  of  the  oxygen  gas  absorbed  by  the 
tsotnbtistiblo  bi>dy  in  the  act  of  bnming.  On  the  other  hand,  he  showed 
that  in  the  convcraiiin  of  a  burnt  body  into  a  combu-stibk  body,  a  de- 
crease of  weight  takes  place  in  spite  of  the  jihlogiston  which  wais  siip- 
jM^ed  t"  l>e  absrirbcil.  He  denied  the  existence  of  phlogintun,  regarded 
fombusiion  as  the  combination  of  a  coniboatiblu  body  with  oxygen,  nc- 
compaiiied  by  a  development  of  light  and  heat,  and  the  conversion  of  » 
bunit  intc  II  combustible  body  sis  resulting  from  the  scpanition  of  oxy- 
gon. To  him  also  we  are  indebted  for  the  discovery  that  the  diamond  ia 
r-arbon,  that  nirhonic  acid  is  a  cuniponnd  of  carbon  aud  oxygen,  that  , 
water  ia  decoinpoxcd  by  red-hot  iron,  that  the  earthy  matter  deposited  ^^1 
when  water  is  heated  in  gW«  vessels  ia  derived  from  the  glass  itself — aa  ^^| 
well  aM  many  well  devieed  investigatioDS  on  heat,  respiration,  transpira- 
tinn.  &c. 

From  thif  time  forward  Chemistry  advance*]  with  twofold  rapidity, 
partly  thnmgh  the  zpal  of  tho  adherents  of  the  now  theory,  partly 
through  that  of  their  opponenta,  who,  while  they  eudeavourcu  to  over- 
throw it  by  new  reaearches,  really  contributed  to  its  establishment  and 
extension.'  Uerlbollet  who  in  1187  was  the  first  to  attack  the  new  the- 
itry  a<'<|ulrcd  great  reputation  by  his  reflcarches  upon  Chlorine  and  upon 
the  d(H:trinc  of  atfinity,  Fourcroy  undertook,  [>articulnrly  iu  connexion 
tb  V'am^ueliii.  more  exact  anafyses  of  nrganic  subatances  and  several 
Uier  invei^cigiitions.  The  latter  in  the  cour^fe  of  his  uumeruuB  analyttcixl 
earclies  djucovercd  chromium,  gluciua,  and  several  vegetable  sult- 
■tiuiccA.     Kinprotb,  to  whom  mineral  aiiBlysis  'i&  most  deeply  indebted, 
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(iiscoyercfl  zirooiiia,  titanium,  uranium  and   teUurtuni.      Richter  in  hiai 
StoicAiumetn/,  laiil  tbo  foandatiera  of  tlie  tloctriue  of  (lennite  and  eimpU 
proportions  by  wcigiit  according  to  which  Iwidies  combine.     Prout  invcs-l 
tigated  witb  great  iiccuracjr  the  chcniica.1  relations  of  several  met*lH,  and 
BDOcessfully  combated  Berthollet's  doctrine  of  aiBnity.     SmilUson  Ten-  , 
nant  wtis  the  first  who  separated  carbon  from  carbonic  aciil ;  he  also  dis^ 
covered  osminm  and  iridium,     WoHaston  dJscoverod  palladium  and  rho-  | 
diuni  in  platinum  ore. 

The  discovery  of  Galvanic  electricity  ty  Galvani,  to  which  Volta  (the  J 
inventor  of  one  of  the  most  useful  forms  of  the  Eudiometer)  cave  in-  J 
creased  power  by  means  of  his  /"Ht,  furnished  the  chemist  with  a  new 
mcanB  of  decomposltinn,  which  not  only  served  to  confirm    Lavoisier's 
theory  of  the  compound  natnre  of  water,  but  also,  in  the  hands  of  the 
highly-gifted  Sir  Humphrey  Davy,  to  resolve  the  hitherto  undeconipoeod 
alkalis  and  earths  into  i>OGuliar  mctala  aB<l  oxygen.     Besides  this,  Davy 
enridicd  the  science  by  bis  inveetigations  on  galvanic  electricity,  flame, 
and  the  coinpounda  of  chlorine.     At  the  same  time  also,  Gay-Lussac  and 
Thfinard  investigated  the  nature  of  the  chlorine  compounds  and  of  the 
metals  which  form  the  bases  of  the  alkulla,  and  were  the  first  to  effect 
the  complete  eeparation  of  fixed  organic  sulystances  into  their  elementf*. 
Gay-LuBsac  also  extended  the  science  of  Heat,  particularly  as  relates  to 
evaporation,  established  the  Law  of  Folmnes,  which  governs  the  combi- 
nation of  clastic  fluids,  and  made  a  most  accurate  iwveetlgation  of  the  j 
chemical  relations  of  iodine,  the  discovery  of  which  had  just  before  boea  J 
made  by  M.  Courtois. 

The  liigheat  degree  of  exactness  in  the  investigation  of  the  propcjrtions 
by  weight  in  which  bodies  combine  was  attained  by  Berzelius,  whoso 
resetirchce  in  this  department  of  the  science  led  liim  to  adopt  and  confirm 
the  almost  forgotten  views  of  Richtcr,  By  a  vast  number  of  eiporimente 
he  ascertained  the  proportions  by  weight  in  which  all  the  clement.^.ry 
bodies  combine  one  with  another.  By  improvements  in  Klaproth'ti  me- 
thods of  niiucral  analysts,  he  succeeded  in  decomposing  several  new 
?ninemls,  and  thereby  established  the  existence  of  cerium,  selenium, 
thorium,  and  partly  also  of  lithium,  ae  new  olomenls.  At  the  same 
time  also,  but  with  less  reference  to  direct  experiment,  Dalton  developed 
Richter  fl  doctrine  in  the  form  of  the  new  atomic  theory :  he  likewiee 
made  some  moat  able  investigations  apon  heat,  particularly  on  the  forma- 
tion of  vapour. 

Within  the  last  few  years,  the  elect ro-chcmicril  phenomena  have  l)ecn 
most  successfully  investigated  by  Parttday,  l)e  Larivo,  Bccqiierel,  and 
others  J  and  the  field  of  organic  chemistry  lias,  by  the  labours  of  Berjse- 
lius,  Liebig,  Wiihler,  Mitscherlich  (the  fitunder  of  the  theory  of /*owiflr- 
phhm),  H.  Rose,  Mulder,  Chcvroul,  Duma*,  Pelonzc,  Laurent,  Mala- 
ffuti,  and  many  others, — been  enlarged  to  such  au  extent,  that  it  ha« 
become  almost  a  new  science. 

Cohesion. 

Cohmve  J'ower.     Attraction  of  Aggregali^m.     Co/tasiontkraft.     ^itsam- 
mmhHufende    Veneandttidmft.        Votiasio,     Attradio    aggrtgationit, 

The  attraction  which  bodies  of  the  same  nature  exhibit  towards  each 
other  when  brought  into  immediate  contact.  The  conncqucnce  of  this 
action  is  the  combination  of  a  number  of  hfimogcneoua  liodics  into  a  whole 
f>f  (he  i^amc  nature.     The  product  so  furuied  ie  called  an  Aggregate. 


COHESION. 


The  ccmbiiiatioti  nx&y  be  destrojed  by  a  meoh^nical  pressure  ol 
(lirtut  strong  euoagb  to  overcame  the  oobetdun. 

The  force  of  cobesion  varies  witb  the  tcinpcrature  and  with  the 
itaturo  of  the  boily. 

It  is  a  general  mis  that  the  cohesion  of  a,  body  ditniuishes  m  its 
trnijferatare  increases.  A  heated  liquid  forma  Einaller  drops  tliao  a  cold 
fHH'  (sulphur  alODG  forms  an  exception  to  this  rule,  increasing  in  conmat- 
t'Hcc  as  itiS  temperature  rises);  hard  bodies  when  heated  geoeraJiy  become 
(Muffler,  sunieliniefi  even  fluid,  provided  uo  chemical  changes  take  place  in 
them. 

riudies  iiiaj  be  divided  according  to  their  cohesive  power  into  four 
clt >•■•■».  ().)  Imponderable  BmUns,  as  ligbtj  heat,  electricity  and  mag- 
iK^tisiu.  In  these  the  repiilaivo  force  the  antagoniet  of  the  attractive 
predominates,  and  none  of  the  pbeuomeua  which  tbey  oihibit  are  such 
tu)  to  make  it  probable  that  a  mutual  attraction  or  cohesion  id  exerted 
between  their  particles.  ("2.)  Pondtrabk  Elastic  Fliiiih,  viz.  Gases  and 
Vftpours.  In  these,  the  ponderable  matter  \a  rendered  so  highly  elastic 
bj  its  combination  with  beat  that,  generally  gjieaking,  all  their  known 
]iroperiies  may  bo  explaiued  without  Rupposing  them  to  be  posseased  of 
eobeeion,  anless  perhaps  Faraday 'a  experiments  {Qtt,  J.  of  ^■.  3,  354, 
also  Ann.  Chtm.  P/tiis.  v.  298)  on  the  difl'erent  velocities  with  which 
"iifftrent  gasea  flow  through  narrow^  tubes  may  he  explained  by  supposing 
iiil'f.Tent  degrees  of  cohesion  to  exiat  in  the  varioue  gases.  (3.)  Liquids. 
ill';  -e  raay  bo  regarded  as  combinations  of  pouderaldo  matter  with  smaller 
ijiiiuiiities  of  heat,  euffituent  to  produce  a  remarkable  diminution  of  the 
t,i|n-;-k'U  jteculiar  to  solids,  but  not  to  occasion  any  eeneible  repuldive 
> .  (4.)  iSotids.  In  these  the  cohesive  power  exhibits  itself  in  its 
-t  degree. 

Cohfiion  of  Liqvidi. 

This  force  ishowB  itself  in  the  tendency  towards  the  spherical  fomi, 
iiiaamncb  sa  the  effort  of  all  the  aevoral  partielca  of  a  liquid  muse  to 
approach  each  other  tui  closely  as  poasible  must  resuU  in  the  assumption 
of  the  splicrical  form.  Since,  however,  the  liquid  mass  ia  subject  to  tlio 
intluence  of  other  forces,  gravitation  and  adbcision  for  instance,  the  ephc- 
rical  fonn  can  never  he  perfect ;  e.  jf.,  mercury  upon  glass,  water  upon 
glai9«  which  has  been  smeared  with  fat  or  lycopodium. 

The  cubesiou  of  liquids  is  also  shown  by  a  certain  resistance  which 
ihvy  offer  to  the  force  of  gravitation,  wlieu,  in  order  to  obey  that  force, 
they  would  Im  obliged  to  divide  themselves  into  very  small  jiarta,— sup- 
(Mwirig  that  the  cohesion  is  not  at  the  same  time  opposed  by  adhesion  or 
agitation.  Thus  mercury  will  not  run  through  fine  muslin,  nor  water 
through  a  metal  sieve  covered  with  fat  or  lycopodium. 

Tito  cohesion  between  the  particles  of  a  liquid  being  small  and  iMjual 
in  nil  directions,  the  elighte^t  force  is  sufficient  to  disturb  thorn-  Tho 
motion  of  one  part  does  not  produce  an  equal  and  parallel  motion  in 
all  the  rt^Mt  of  the  mass,  wberead  in  solid  bodies  the  application  of  a  slight 
force  produces,  not  a  disruption  of  the  parte,  but  an  eqnal  and  similar 
motion  in  the  whole  masa. 

Pilfcront  liquids  cxlitbit  different  degreee  of  cohesion  :  the  cohesive 
{Kiwor  is  for  the  moat  part  very  nearly  proportional  to  the  density. 

Cok<ssioti  itf  8oIhU. 

ThiK  force  shows  iUsolf  particuliiHy  in  thicc  ways. 


INTRODUCTION. 

1.  In  an  individual  portion  of  »  solid  body. 
In  this  case  coliesian  shows  itself  by  the  resistance  wliieb,  up  to  a 

certain  limiC,  it  oppoaos  to  any  mechanical  furcu  tending  to  Btpanilc  the 
particles.  Hence  this  force  which  is  exactly  snfficient  to  overcome  the 
cohesion  of  a  body  affords  a  measure  of  that  (M»Ltsion.  (On  tho  tenacity 
of  iiiptals,  vixL  Morveau,  Ann.  Chim.  71)  194;  also  Gilb.  34j  209.) 

2.  When  separate  masses  of  like  trnture  coiue  into  close  cont»ct'_with 
one  another. 

If  the  surfaces  are  uneven,  the  pointa  of  contact  are  infinitelv 
email,  and  tho  cohesive  force  imperceptible.  But  if  the  bodies  touch  eatli 
other  by  large  flat  snrfaeeSj  f-ff-,  well  polished  glass  or  metal  plates,  tho 
naniher  of  points  of  contact  is  greatly  increased,  and  the  cohesion  hecrtnieu 
very  evident.  If  the  fiiirfacea  toucfied  at  all  points,  the  cohesion  of  ihe 
bodies  would  he  as  powerful  in  this  direction  as  in  any  other. 

3.  When  bodies  "pass  gradually  from  the  liquid  to  the  solid  state. 
In  thiijcasc  the  particles  uDtt«. 

(1.)  In  mosses  of   indefinite  external  form,  which  refract   light 
singly  in  every  direetion,  are  eqaally  easy  or  oijually  difheult  to 
separate  in  all  directions,  and  when  broken  e^iLliibit  a  oouchoidal 
fraeturei  Amorphout  bodkt,  such  as  glass  and  gum. 
Or, 

(2.)  In  mflBses  of  geometrieat  shape,  bounded  by  flat  surfaces,  and 
having  solid  and  dihedral  angles  of  constant  magnitude  for  the 
mnie  matter  and  form, — having  as  great  a  degree  of  tranapsirency 
as  is  consistent  with  the  nature  of  the  matter  of  which  tliey  are 
formed,— for  the  most  part,  refracting  light  doubly  in  certain 
directions — and  finally,  presenting  greater  facilities  of  separation 
or  cleavage  in  eermin  directions  lying  tn  determinate  planee 
than  in  others ;  Crystals. 
Many  Ijodies  are  more  digpoaed  to  the  amorphouB,  others  to  the  crys- 
talline form  :  a  great  many  may  however  be  obtained  in  one  state  or  the 
other,  according  to  circumstances. 


CRVBTALLtiL&TIOM, 

To  enable  a  body  to  crystallize,  it  must  first  be  brought  into  tho 
liquid  or  gaseous  state.  This  is  effected  either  by  elevati4in  of  tenipera.- 
ture,  in  consequence  of  wliich  the  body  melts  (Cupper,  Bismuth)  or  sub- 
limes (Sal-ammontac,  Iodine),— or  else  by  cau!<iug  the  body  to  combine 
with  another  ponderable  body,  which  either  at  the  ordinary  or  at  a  some- 
what higher  temperature  is  liquid  or  gaseona  (salts  dissolved  in  water, 
sniphnr  in  sulphiiret  of  carbon,  sulphate  of  baryta  in  oil  of  vitriol,  cam- 
phor, benzoic  acid,  &c.  in  alcohol,  iodine  in  hydriodic  acid  ^a»)  '.■ — the 
causes  which  have  brought  tbe  body  into  the  fluid  state  must  subsd- 
queutly  be  removed. 

1,  If  heal  has  been  the  only  liquefying  power,  or  if  it  has  sen-ed  to 
render  a  solid  more  soluble  in  a  fluid,  cooling  must  be  resorted  to.  To 
obtain  definite  crystals  from  a  melted  mass  (sulphur  or  a  uiotal  for 
instance),  it  is  allowed  to  cool  to  a  certain  extent  only,  and  the  yet 
remaining  liquid  portion,  which  if  left  in  contact  with  the  first  formed 
crrstals  would  unite  with  tiieni  into  an  amorphous  mass,  poured  out. 
Tfie  vapour  of  sulphur,  iodine  or  sal-anmmniac  is  conducted  into  a  colder 
part  of  the  apparatus,  where  it  deposits  crystals.  A  wann  solution  of 
various  salts  in  wat«r,  of  sulphur  in  sulpburet  of  carbon,  of  camphor,  d^c. 
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is  aloohul  dopoeita,  upon  cooling,  in  the  crystalline  et.ate  thikt  portiuu  of 
«t»lid  hudy  wliicfa  tlie  liquid  is  not  capabie  &f  retiiining  in  solution  at 
Jowrr  tenijtcratwre, 

A  renuirkablo  anomaly  is  often  observinl  in  the  cooling  of  such  solu- 
i«,  vi?..  that  when  kept  perfectly  still  and  in  covered  or  stoppered 
lU,  ihey  may,  without  losing  their  liquid  forn>,  ho  cooled  much  below 
iipcratare  at  which  they  naually  crystallize;  under  these  circum- 
1,  a  sadden  cryatairuntion  maybe  brought  about  by  agitation,  the 
uetioa  of  a  solid  body,  &c.,  Sec.  Of  this  the  following  are  examples. 
r,  when  coole-1  in  open  veasela  and  not  at  absolute  rest,  below  0°  C, 
ifies  in  a  cry^lailine  tnass:  but  in  stoppered  bottloa  or  thermometer 
ttolb^,  it  may  ofteu  be  cooled  aa  low  as  —  6°  without  freoiing,  and  when 
the  vessel  is  ahakon  or  opened,  or  a  piece  of  ice  put  in,  crystallisation 
tuddeniy  take^  ptace,  the  crystals  beginning  to  form  at  sereral  pointa  at 
and  quickly  radiating  through  the  li«iuid;  the  temperature  at  the 
le  time  ribes  to  0'.  The  formation  of  mists  over  the  surface  of  lakes 
etinies  observed  at  the  moment  of  freezing  is  perhaps  dependent  upon 
this  action.  Pure  phosphorus  melted  in  a  cansalo  under  warm  water  will 
mnaia  all  night  In  the  liquid  state  at  a  temperature  of  4*5°  C,  and  solidify 
when  poar«il  out  upon  the  hand.  (Clark,  Ed.  Journ.  of  Se.  7,  281) 
Phosphorus  boiled  with  caustic  potash  retains  its  fluid  state  at  the  otdi- 
oary  temperature  for  months,  when  kept  under  the  solution,  and  aolidijies 
when  touched  with  a  diy  solid  body.  (Poggendorff.)  Sulphur  sublimed 
in  0uialt  melted  drops  retains  ita  fluid  state  over  night  at  the  ordinary 
temjM^ratuTe,  and  soliditiea  when  touched  with  any  solid  body.  (Furiiday, 
Qh.  Jvur.  of  ,S'c.  21,  392  ;  also  Fofff/.  7,  240.)  'Sulphur  y>recipitated  by 
water  from  chloride  of  sulphur  remains  fluid  at  the  bottom  of  the  liquid, 
bnt  sulidiliiia  immediately  on  exposure  to  the  air,  (Poggendorff,  I'<jffif, 
7i  241.)  Glacial  acetic  acid,  wliich  in  open  vessels  crystallizes  at  +  !(j*  C, 
may  bo  cooled  to  —  12°  oven  with  agitation  in  stoppered  bottles  without 
cutidifying :  if,  however,  the  vessel  be  opened  and  shaken,  it  crystallises 
at  +  15*j  even  when  the  outward  air  is  warmer  than  the  aoid,  the  crys- 
tallisation beginning  at  the  top  and  quickly  shooting  through  the  whole 
tussB.  (LowjU,  CrdL  Ann.  1790,  1,  209;  Geiger,  Sckw.  15,  231.)  Oil 
ofaniw,  when  cooled  at  regt  in  a  closed  vessel,  often  remains  liquid  till 
it  is  shaken,  crystallization  then  taking  place  inatantaneouslv.  (Buchner, 
Jiepert.  15,  64.)  Schwrerite  after  fusion  may  be  kept  in  the  liquid  state 
at  ordinary  temperatures  for  aevernl  dayi,  and  crystallizes  iufetantly  on 
being  touched  with  a  platinum  wire  or  glass  rod.  (Stromcyer,  Kc»tu. 
ArcAiv.  10,  114.) 

Manv  salts  dissolved  in  hot  water  exhibit  this  anomaly,  especially  eul- 
phato  of  soda,  A  hot  solution  consisting  of  equal  parts  of  water  and 
cryBtallisted  Glauber's  salt  (sulphate  of  soda  with  10  atonia  of  water  of 
cryNlallixiition)  does  not  crystailiie  either  on  slow  cooling,  or  when  quickly 
cooled  by  imincrsion  in  cold  water,— whether  it  be  contained  in  a  liaro- 
rnetcr-tube  freed  from  air  by  Iwiling;  or  in  an  exhausted  well  closed 
vessel ;  <ir  tu  an  op<-n  vessel  with  a  layer  of  oil  of  tuqieutine  ujion  it4 
surface,  (Gay-Lussac)  j  or  in  a  ves.Hcl  conliiiuing  air,  either  well  stopped 
or  niertdy  funiiabcd  with  a  loose  cover,  (Schweigger),*  or  in  an  open 
rcwfl  under  a  boll  jar  full  of  air  and  closed  at  the  bottom  with  a  water- 
joint;  «.ir  iti  open  bottles  (ilaced  in  a  quiet  situation;  or  in  an  open  ghiss 
enclosed  in  a  Htdpiicred  vessel  coutaining  air  and  some  potash  to  dry  it,  in 
which  Ghuilicr's  luilt  effloresces  and  when  washed  down  again  does  not 
CAUM  intslnnt  cryettalliKitioQ  but  disflolves.     (Zit.)     The  ciystaJUzation  of 
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•  solution  cooled  ia  tLis  maQner  is  often  «.rougbt  about  instantuieoad^^ 
oftrii  again  after  a  abort  tinio:  (I,)  By  agitation,  vie.,  when  tbe  solutioi 
has  lieeii  coolott  in  all  o|>cii  vc^js^l.     (2.)    By  acccsit  of  air  cuused  b' 
o|wniug  tho  reaad,  the  orystaUizatioc  taking  place  tbe  more  quicklj  lal 
jiroportiou  to  the  ate  of  the  opening;   some  degree  of  motion  ajipe.ii 
also  to  be  nccdseaiy.     In  tbis  cas^.  tbe  crystalliEation  begins  at  tie  toi 
where  the  solution,  the  ves&el,an(l  the  air  come  io  contact  with  each  other 
it  ia  onlj  when  a  partide  of  dii^t  falls  in  on  opening  the  vesiH?!  that  th* 
CTTstollijEation  be-gius  a  little  under  the  enrfacc.     When  the  eolutioa  baj 
been  cooled  in  vacuo,  a  babble  of  n.ir,  hydrogen,  carbonic  acid,  or  nitroui 
gas  it  Eufficient  to  set  up  the  cryastallization.     (Oaj-Lnssac.)     (3.)  B' 
contact  of  the  wlution  with  a  eolid  body  (a  ^lass  rod,  flint,  iron  wire,' 
«ry$t&l  of  Glauber's  ealt,  or  a  grain  of  dnat  fioating  in  the  air.)     These! 
bodies  do  not  bring  about  tbe  crystallLEation  when  they  have  cooled  in 
oobtact  with  the  hot  aotution,  nor  (excepting  Glauber's  salt)  when  they 
are  wetted  or  warmed  before  contact  with  the  solution.     (Ziz.)     In  these 
cases  crystallization  is  effected  by  tho  action  of  foreign  bodies.     If  a  Boln- 
tion  of  8  parts  of  Qlauber's  eait  in  9  parts  of  water  be  left  to  cmtal- 
liic,  the  whole  then  wanned  in  a  flask  to  between  50'^  and  55°  C.,  till] 
only  about  ^j  of  the  crystals  remain  undissolved,  and  the  flask  corked  npi 
and  cooled,  it  often  hap|K>n£  that  tbe  remaining  crystals,  instead  of  ransing^j 
tho  rest  to  cryetalliiej  are  themselves  completely  di^olved, — slowly  when 
the  flask  is  inclined  in  such  a  mnnncr  as  to  hrin^  tliem  in  contact  with, 
the  tjnper  strata  of  the  liquid,  more  quickly  on  agitation,  which  however  ial 
very  likely  to  oanae  cryslallizatioQ.     If,  on  the  other  hand,  the  solution 
formed  between  50°  and  55°  be  poured  off  from  tbe  crystals  into  a  basin 
suid  allowed  to  crystallize,  tbe  mother-liquid  thna  obtained  will  not  dis- 
eolvc  the  ^  of  tho  crystals  above  mentioned.     There  are  therefore  two 
eolntions  to  be  distinguished,  (1.)  The  iiT^MTO/frf  solution,  t.  e.,  the  liquid 
which  remains  after  crystitllisation  of  the  superabundant  qiiantity  of  salt, 
from  a  hot  solution  in  an  open  vessel,  and,  (2.)  The  aupermturattd  solu- 
tion, t.i;.,  the  solution  saturated  at  a  high  temperature  and  cooled  in  a 
eloso  vessel;  this  latter  can  even  dissolve  an  additional  quantity  of  salt 
but  dc])oaits  at  a  lower  temperature  crj'stals  of  eul]>hate  of  soda  containing 
1  atom  of  the  salt  and  8  atoms  of  water.     (H.  Ogden.)     A  solution  of  2 
y».rii>.  of  Glauber's  salt  in  1  part  of  hot  water  yields  on  cooling  iu  close 
VPSMolt^  bard  transparent  cryetatfi  of  sulphate  of  soda  with  8  atoms  of  water^ 
which,  when  the  sujwmatant  liquid  is  made  to  crystallize  by  any  of  the 
prrcrdtng  methods  ijimicdJatcty  become  opaque.     (Coie,  Zii.)     When  51 
jMirts  of  crystiilltzed  Glauber's  salt  are  dissolved  in  49  of  water,  and  the 
solution  after  cooling  below  10'  C,  made  to  cryslallize  sudilenly  by  any  of 
tbo  iirocpding  methods,  nearly  \  of  the  Glanber's  salt  is  deposited,  and 
the  u^mpcntture  rise^  to  13^  C.     This  is  attributed  by  Thomson  to  tbe 
conversion  of  liquid  water  into  solid  water  of  crystallization,  a  supposi- 
tion agreeing  ]>rctty  well  with  calculation  (the  development  of  heat  con- 
aequout  on  the  ]>assage  of  the  salt  from  the  liquid  to  tbe  solid  state  must 
bowcvcr  l>e  included  in  the  calculation.     Gm.)     The  assertion  of  Thcnurd 
(Sehip.  15,  257)i  that  after  this  crystallization  there  remains  a  niothor- 
hquid  which  is  no  longer  saturated  with  salt  at  the  existing  tempemtnro 
nocms  to  bo  erroneous.     Thomson,  on  the  contrary,  finds  that  the  raother- 
liquitr,  from  its  rise  of  temperature,  holds  in  solution  a  eorrcq)onding 
quantity  of  aaJt,  a  great  part  of  which  crystalliaes  out  when  tbe  tempera- 
ture is  briiughtbacK  to  10°. 

A  hot  roncenlrated  solution  of  chloride  of  ciik'iuni  cooled  in  a  t^top- 
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ftni  liotUe  cryBtallizea  when  agitated,  without  requiring  the  bottle  to  be 
opened,  Iho  temperature  nt  the  same  time  rising'  very  considerably. 
[Cnxr.)  The  addition  of  a  few  dfups  of  oil  of  vitriol  or  oxalate  of  awtno^ 
nia  iloos  not  cause  it  to  crystallize;  but  crystallization  takes  place  when 
cold  water  ig  poured  upon  the  liquid  or  a  Btieam  of  dry  air  directed  upon 
it.  (Ogdeij.)  A  solution  of  1  part  of  crystaJlixed  carbonate  of  fioda  in  4 
parts  of  warm  water,  when  cooled  bclotv  +  ICC.  crystallizes  on  open- 
ing and  shaking;  the  bottle;  the  temperature  rising  ahout  8*.  A  highly 
confcDtmtcd  solution  of  acetate  of  soda  remains  liquid  when  cooled  to 
+  10°  iu  a  loosely  etoppod  yessel :  but  on  ponring  it  into  another  vessel  it 
solidifies  to  n  fibrous  mass,  the  temperature  rising  to  52'5°.  (Gm.)  Under 
riniilar  circumatances  Haabofl*  (Br,  Archiv,  3S,  326)  obtained,  upon 
rtirring,  a  rise  of  temperature  of  50°  C.  The  introduction  of  a  crystal  of 
acetatu  of  soda  produces  crystallization,  but  not  so  quickly  as  in  the  ca«c 
of  sulphate  of  soda.  (Ogden.)  A  hot  solution  of  sulphate  of  magnesia 
[oftnt  fOmaiiia  fluid  when  cooled  iu  close  vessels,  and  yields  granular 
fttystaiB  when  ebakcii.  (Coxe.)  A  drop  of  alcohol  produces  in  the  eolu- 
lion  a  nucleus  from  which  the  crystallization  radiates.  (Ogdeu.)  A  mix- 
ture of  nitre  and  eulphuric  acid  yielded,  after  heating  for  some  time,  a 
clear  liquid  which  did  not  crystallize  on  cooling  till  a  crystal  of  nitre  wae 
thrown  in,  a  rise  of  temperature  then  taking  place.  (Green,  (Jrilb.  70, 
8"20.)  The  following-  8alta  exhibit  similar  phenomena  to  the  above: — 
Hypoffulphate  of  soda,  (Heereii);  carbonate,  phosphate  and  borate  of 
»oda,  (Gay-Lo^ac);  nitrate  of  lime,  fiulpbate  of  magnesia,  sulphate  of 
ooppor  and  nitrate  of  silver,  acetate  of  lead,  (Fischer,  Schw.  12j  187); 
(Btnte  of  ammonia,  bigulfdiate  of  potash,  bichromate  of  potash,  chloride 
Itf  barium,  sutpbate  of  magnesia  and  ammonia,  sulphate  of  rinc,  forro' 
Cyanide  of  potaa«ium,  oxalate  of  ammonia,  tartrate  of  potash  and  sodft, 
auid  tartrate  of  antimony  and  potash.  (Ogden.)  Warm  solutions  of  alum, 
protos&lphate  of  iron  and  sulphate  of  copper  dcpoeit  considerable  qnanti' 
ties  of  crystals  upon  cooling;  but  opening  of  the  vessel  and  fihaking 
bring  oat  a  fresh  quantity,  (Coxc.)  Nitro-saccharic  acid  also  exhibits 
this  property.  (Mnlder,  /.  pr.  Ch.  16,  293.)  The  following  salts,  on  the 
contrary,  crystallize  out  from  a  warm  solution  on  the  sHglitest  lowering 
of  tempcra'tupe  :^ — Sulphate  and  hydrochloratc  of  ammonia;  sulphate, 
chlorate,  nitrate  and  neutral  chroroate  of  potash;  chloride  of  potassium, 
chloride  of  sodium;  b.iryta,  strontia,  nitrate  of  baryta,  flulphatc  of  mag- 
nesia and  potash,  nitrate  of  load,  corrosive  sublimate  and  oxalic  acid. 
(Gay-LuasBuc,  Ogdou.)  Generally  speaking,  those  ealta  which  exhibit  the 
anomaly  crystallize  in  combination  with  a  largo  quantity  of  water  of 
cryslalliaition  (bichromate  of  potash  and  nitrate  of  silver  excepted),  and 
thoso  which  do  not  cjchibit  it,  with  little  or  no  water  of  cryetallizatiou. 
This  anomaly  is  exphu'ned  by  BcrtlioUct  {Statiqn«  Chim.  1,  32,)  and  hy 
litty-Lueeac,  on  the  supposition  of  a  sluggishness  of  the  ultimate  particle* 
of  the  salt.  So  also  Thenard  supposes  that  the  particles  are  brought  by 
agitation  into  different  relative  positions.  (It  nnist  be  observed  however 
that  sliakiug  in  closed  vessels  often  fails  to  produce  crvstallizatioo.)  At 
all  cvenU  it  may  be  admitted  thai  in  those  cases  in  which  the  eohcsive  force 
turn  gained  the  {iroponderanc^  over  other  forces,  such  as  the  affinity  of  a 
ImmIj  for  heat  or  for  ponderable  solveuta,  mechanical  clisturbance  is  often 
r**qiiircdl  to  bring  it  into  active  openition.  Compare  Gay-Lussac  {Aim. 
C/tim  (i7,  225.  aloo  Schw.  B,  70;  likowigo  A^ui,  Chim,  Pfajt.  11,  301); 
^fhweigv'er  {Schw.  St,  ^fi),  Ziz.  {Schp.  iJ?,  ICO),  Thomson  {Arm.  I'hil. 
J II.  I«ii);  H,  Ogden  (jV,  E.I.  i'hil,  J.  13,  30ft). 
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11.  If  the  cryatallizablo  bi.Jy  haa  been  liquefied  by  combination'wJUi 
anotlier  ponderable  body,  the  latter  must  be  scj>arat««l  from  it.  TbiB  is 
rfTccted  cither  by  driving  off  the  latter  in  the  form  of  vapour,  at  a  high 
or  a.  low  temperature,  in  the  open  air  or  in  viieuo,  se  the  case  may  bo;  or 
else  by  removing  the  svlveut  by  virtue  of  it«  attinity  for  another  ponder- 
able body.  Tliud  nitre  cryatallizes  from  an  aqueous  solution  on  tho  addi- 
tion (if  alcohol,  camphor  from  an  alcobftlic  solution  on  the  atldition  of 
water,  iodine  from  its  solution  in  hydriodio  acid  gas  on  the  introdnetion 
of  a  suielU  quantity  of  chlorine. 

During  crystallia-'itioa  the  following  phonomona  are  observable: — 1. 
The  more  slowly  the  liijuefied  body  is  brought  back  to  tho  solid  state,  and 
the  mere  tbo  liquid  is  kept  at  rest,  the  stuallcr  is  the  number  and  the 
greater  the  size  and  regularity  of  the  ervstals;  but  if  tlio  solv^ent  be  cooled 
or  separated  quickly,  the  crystals  are  numerous  but  small  and  ill  defined. 
For  in  the  former  case,  the  particles  of  the  wlidifying  body  have  time  to 
unite  themselves  regularly  witli  those  which  separate  first  from  the  fluid 
and  form  nuclei  of  crystallization;  if  on.  tbo  contrary  the  crystRllizatton 
takes  place  rapidly,  a  great  number  of  particles  solidify  at  the  same  time, 
each  forming  a  nucleus  to  which  other  portions  may  attarh  tiiemeelves, 
and  thus  wo  obtain  a  number  of  crystals  irregularly  formed  and  inter' 
lacing  Ciich  other  in  all  directions.  In  this  consisUi  the  dill'oreRce  between 
sugaiM;andy  and  luaf-ciiigiir;  similarly,  all  granular  and  fibrous  bodies,  auch 
Its  ctCaturtry  nsarbk  and  fibrous  gypsum,  must  be  regarded  as  cidlectionB  of 
imperfectly  formed  crystals  equal  in  number  to  that  of  the  grains  or  fibres. 
To  obtain  erj'stala  aa  large  and  regular  as  poEsible,  Leblanc  recommends 
{J.  Pkii*.  55,  300)  to  allow  a  solution  not  quite  saturated  to  cool  abjwly,  so 
that  none  but  distinct  cryjitals  may  be  formed,  then  to  pick  out  the  best 
formed  of  these  and  lay  them  separate  from  one  another  in  a  solntioin  of 
the  same  salt,  which  by  gentle  wanning  in  contact  with  the  salt  lias  been 
made  to  hold  in  solution  a  quantity  of  it  just  a  little  greater  than  that 
which  it  can  retain  at  the  ordinary  temi>erature,  bo  that  it  may  deposit 
this  eicca*  on  the  crystals  laid  in  it.  Thi«  treatment  is  repeated  till  the 
crystals  have  obtained  the  desired  magnitude,  care  being  taken  to  turn 
tiiem  frequently,  because  the  surfaces  renting  on  the  bottom  are  in  a  less 
favourable  position  than  the  rest  for  taking  up  fresh  particles.  The 
trouble  of  rejfealedly  preparing  a  slightly  supersaturated  solution  may  be 
eaved  by  Buspending  in  the  upper  part  of  the  liquid  a  qimntity  of  the  £&lt 
contained  in  a  bag  of  uiu^lin  or  a  fnnnol.  For  whenever  the  temperature 
rises,  the  warmer  part  of  the  liqnid  will  come  to  the  surface,  where  it 
will  dijisolve  a  jiortion  of  the  suspended  salt,  and  tboQ  becoming  speciti- 
cally  heavier,  it  will  sink  to  the  bottom  of  the  vessel  where  the  crystals 
arc  placed:  thus  the  crj'^stals  will  continue  to  grow,  aud  nothing  furthoJ* 
will  be  necessary  than  to  turn  them  frerjuently. 

2.  Generally  speaking,  crystals  exhibit,  m>  far  a«  can  be  observe<l, 
the  same  external  j'orni  ou  thoir  first  fitrniatiou,  that  they  have  at  a  aub- 
Hjqtieiit  stage.  Probably  the  primitive  form  is  first  developed  and  passes 
into  the  secondary  by  the  subsequent  annexation  of  matter  according  to 
fixcil  law*.  Thus  the  oclohedrou  of  alum  exhibits,  a-s  lately  observed  by 
F.  Richter  (Zeit»citr.  Ph.  v.  II'.  3,  348),  the  same  truncations  of  the  eilgoa 
and  summiu  at  ita  tirat  formation  as  after  itJ9  complete  development. 
When  however  the  formation  of  crystals  is  suflered  to  g<p  on  ut  intervals 
and  in  liquids  of  diHcreni  nature,  the  external  form  may  be  greatly  modi- 
fied. This  may  he  observed  Jn  certain  crystaliiKod  minerals  which  often 
possess  a  nucleus  and  an  envelop  of  different  colours,     Fluor-spar  eihi- 
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bits,  ncconlin^  to  F.  Rtchter  IZtUtfhr.  Ph.  v.  W.  '2,  lit),  tho  foUnwin^ 
forms  :  a  roso-coloiireil  ocUiJieJron  witliiti  si  grocn  cube;  n.  yd  lour  cubo- 
Wtf'licilron  { jiij  4)  wliose  octobedral  faces  alone  are  covered  with  a  finlet 
Inyer ;  a  blui?  (jwlecahc'lron  {fig.  3)  enveloptiil  in  a  green  cube;  a  cubo- 
t>etohedron  {jifj.  4)  witliin  a  pyramiiJal  cube  (A*?-  ^)'  ^^'  ^"  sucb  cafes 
the  inn^r  and  rmtfr  mi».«fs  always  e;xhibit  parallol  clesvvage.  Similar  piio- 
niimcnH  arc  also  seen  accordiug  to  Richt^r  in  palcqmr  ami  otber  minerals. 

3.  Crystals  are  formed  in  situations  where  tlie  prinoiple  of  fluidity  ia 
removpr)  from  tlieni,  or  wbero  tlicy  arc  led  to  attarb  tlieinselves  by  ailhe- 
•ion.  Hence  they  form  on  tbe  surface  of  the  liquid  in  so  far  as  evapora- 
tion and  fooling  by  the  influence  of  tho  air,  or  adhesion  of  the  air  to  the 
cry«ifn[«  can  give  rise  to  their  production  ;  also  <>a  the  bottoms  and  sides  of 
the  contaiuing  vessels,  inaamucb  aa  tbcac  abstract  bwit,  and  exert  adhe- 
sivo  power  on  the  crystals;  lastly,  on  aolid  bodies  Immersed  in  the  liquid, 
sncli  bfidies  lifting  by  adhesion.  For  tho  most  part,  crystttl-S  deposit 
Ihcnvvclvej  more  easily  on  wood  nod  string  than  on  porcolain,  glaea,  and 
mrtnl ;  more  easily  on  porcelain  than  on  glaijs ;  on  mugh  than  on  nniooth 
gliu*^: — compare  Griffiths  {Ann.  Pharm.  22.  210),  Hence  it  ia  eaay  to 
explain  the  fact  that  when  a  glana  coutaining  a  erystallizable  liquid  is 
(Rcralcbed  wiib  a  gla^3  rod,  the  crystals  deposit  themselves  in  preference 
on  tbe  (>crafchcB,  The  first-formed  jn^sa  of  crystals  serveg  for  tho  rest  to 
■tttttdi  tbemselves  to,  and  attracts  them  more  strongly  than  foreign  hodiea 
would.  Tbiis,  according  to  Lowitz,  the  introduction  of  a  cry^atal  of  nitre 
into  a  solution  of  nitre  and  Glauber's  salt,  proparcd  hot  and  subsequently 
corded,  causes  the  nitre  to  i>eparate  alone;  a  crystal  of  Glauber's  »alt 
rpmoves  only  tho  Glaubers  salt ;  whereas  if  tbe  soltilion  be  left  to  itself, 
both  Balta  crystalline  out  together,  tbe  crystals  interlacing  each  other. 
]f  a  drop  of  a  aolution  of  gypsum  be  left  Iti  ovapocate  on  a  freshly  cleft 
Mirfaw  of  a  crystal  of  gypsum,  the  microscope  will  ehow  an  innnnierable 
collection  of  crystals  of  gypsum  fonned  on  tbe  surface,  all  parallel  to  one 
another  and  to  tbe  original  crystal.  If  the  evaporation  takes  place  on  iLo 
irarfavo  of  a  foreign  body  this  parallelism  is  not  observed  f  Frankcnheim, 
Po^ff.  27,  51 S.)  When  a  solution  evaporates  below  its  boiling-point,  tbe 
first  crystals  are  usually  deposited  on  tbe  sides  of  tUe  vessel  at  the  upper- 
moat  Burface  of  the  liquid:  another  portion  of  the  liquid  often  risoa 
IhraagU  these  and  yields  by  evaporation  new  crystals  which  ultimately 
IR^ko  tlieir  way  over  the  edge  of  the  vessel.  This  \s  E^fijt^rnce.  When 
crystals  form  at  tbe  bottom  of  a  liquid,  a  current  is  produceil,  because  the 
individnal  crystals  take  from  that  part  of  tbe  solution  w^ith  which  they 
are  inrmediately  in  contact  as  niucli  of  the  salt  ah  is  possible  nnder  the 
oxi*iii>g  circumstances;  consequently  this  part  of  the  liquid  becomes 
lighter  and  rises  to  tbe  surface,  its  place  being  supplied  by  a  more  satu> 
rati*<l  portion  of  the  liquid. 

4.  When  a  iHjdy  cryHtallizos  from  solution  in  a  liquid,  and  tbe  latter 
10  not  completely  removed  by  evaporation,  thero  remains  a  portion  called 
tho  Moihrr-iiquor  {Efium^rc,  Mutterlaiig«).  This  liquid  holJt)  in  solution 
HA  much  of  the  cry^tulliiting  body  a^  is  conaisteut  with  its  quantity  and 
temperature.  It  often  bapfwon,  espectally  when  crystallization  proceedf? 
rapidly,  nnd  tbe  cryatalline  lamina?  in  the  act  of  uniting,  leave  small 
epacca  between  them,  that  amall  and  (even  with  regard  to  tbe  same  aub- 
•Lanoe)  very  variable  t|uaiiti tie*  of  the  mother-liquid  remain  pii closed  in 
the  cryitalliiie  iiiaa«,  forming  the  Wai^r  of  Dtcrepitation  {Zerknittei'unrjtf 
va»»er).  Cry«i(aU  which  contain  liquids  thus  enclosed  and  do  nut  mett 
holnw  the  Jmiling  point  of  the  mother-liquid,  exhibit,  when  heated,  the 
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pbenomenn  of  DeertpiUxtion  {Zin-i-nialetn),  tlie  vapour  given  off  from  the 
niotljer-liqnid  luirstiug-  llie  crystalline  ma«s  with  violence.  This  water  of 
decrepilalion  wliicb,  as  an  accitlontal  mcchanifat  admiituro  has  no  inflti- 
ence  on  the  form  of  the  crystal,  is  altoffcthGr  different  and  most  be  care- 
fulJj  dutinguielied  from  ihe  chcniically-conibjned  water  which  ccrtaia 
crystals  contain  in  definite  proportion,  and  which  is  essential  to  tlicip 
cry^tallinQ  form.  Common  salt  crystallized  by  alow  evaporation  from  an 
a<|iieouj9  solution  does  not  decropitate;  hut  when  crystallized  by  rapid 
boiling'  of  the  liquid  it  decrepitates  violently.  Many  forms  of  catcspar 
decrepitate,  others  not.  According  to  Baadirimont  [J.  Pknnn.  22.  33?), 
who  regards  decrepitation  as  the  result  of  unequal  beatrnjr  of  laminar 
masaes  (I),  the  salta  which  exhibit  this  property  most  strikingly  are: 
iodide,  bromide  and  chloride  nf  potassium,  bromiile  and  diloride  of 
sodium,  sulphate,  chroniatc  and  bichromate  of  potash,  nitrate  of  baryta, 
rod  ferrocyanide  of  potassium  and  cyanide  of  mereury. 

Decrepitation  takes  plafe  for  the  moat  part  in  those  crystals  obtainetl 
from  aqueous  sotutiona,  which  do  not  contain  chemscally  combinod 
water:  some  salts,  however,  which  contain  small  quantities  of  combined 
water,  such  aa  bicarbonate  of  potash,  bitartrate  of  ptitash,  tartar-emetic, 
and  ueutral  acetate  of  copper,  decrepitate  slightly  from  ctmtaininif 
mother-liquid  mechanically  inclosed  in  them.  The  occurrence  of  decrepi- 
tation in  chloride  of  sodinm  artificially  crystallized  from  an  aqueous  solu- 
tion, and  its  non-occurrence  in  rock-^salt,  loada  to  the  supi>osition  that  the 
latter  has  been  eryLstallized  from  a  state  of  igneona  fusion.  There  is  btit 
one  variety  of  rrfck-salt  that  decrepitates  when  bcatcil,  vIk,,  the  decrepi- 
tating salt  of  Wiclitzka,  the  decrepitation  procee<ling  however  not  from 
mechanically  included  water,  but  from  hydrogen  and  otlier  infiaminable 
gftse§  existing  in  the  salt  in  a  high  state  of  conaenaation.  A  similar  pbe- 
tjomenon  is  observed  in  many  crystallized  minerals  occurring  in  me- 
tallic veins,  such  as  heavy  spar,  calcspar,  fluor  spar,  ironspar,  lead 
epar,  galena,  iron  pyrites,  copper  pyrites,  grey  copper  ore,  &c.,  which 
sometimes  decrepitate,  sometime?  not ;  and  in  the  former  case  give  out, 
not  water,  but  probably  a  gas  which  was  enclosed  between  their  lamina* 
in  a  highly  compressed,  perhaps  even  in  the  liquid  state,  (H,  Bose, 
Pogn.  48,  354.) 

If  a  solution,  in  addition  to  the  crystallizing  substance,  likewise  con- 
tains others  which  are  less  easily  crystallizable,  the  latter  will  reniain  in 
the  molher-liqnid  after  the  separation  of  the  greater  part  of  tlio  fonncr. 
This  cifcumstanco  fumiishes  a  metho^l  of  purifying  easily  orysfatlizablo 
substances  by  repeated  solution,  crystallization,  pouring  off  of  the 
in  other- liquid,  washing  with  small  quantities  of  the  cold  solvent,  and 

f>re.*»in^  between  blotting-paper.  In  this  method  of  purification,  the 
ormation  of  large  crysfala  by  slow  cooling  or  evaporation  is  usually  pre- 
ferred, because  tliey  present  fewer  surfaces,  nndare  therefore  more  easily 
freed  by  washing  from  the  adhering  mother-liquid.  On  the  contrary,  in 
the  new  French  method  of  purifying  saltpetre,  the  smallest  possible  crys- 
tals arc  formed  by  constant  stirring  and  rapid  cooling  of  the  Lot  solution, 
because  large  crystals  of  this  salt  contain  a  larger  quantity  of  mechani- 
cally included  mother-liqnid  which  cannot  bo  removed  by  washing'.  If 
however  it  be  remembered  that  the  more  slowly  crystallization  takes 
place,  the  Icae  is  the  quantity  of  mother-liquid  inclosed,  and  moreover 
that  small  crystals  are  much  morodifficult  to  free  from  liquid  adhering  to 
their  surfaces  than  large  ones,  we  shall  probably  agree  with  Clement  and 
Dcsoriues  {Ann,  Chim,  92,  248),  notwithstanding  the  objections  of  Long- 
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(cbftinp  (<(««,  C/iirn.  Phy».  9,  SOO)  in  giving  tljo  preference  to  slow  crys- 

^taUizntion.  Tlio  inet]ioi))(,''ul  )>ut-i fixation  of  r,  salt,  s9aU])etre>  for  cx:atn[)le, 
Ijy  crysUillizatton,  may  be  camJuctoii  as  follows.  (1.)  The  saltpetre  is 
Iiiuiteil  vv'itlr  water  in  a  veeai?!  a,  till  it  is  dis8olre<I.  It  is  ifaen  left  to 
rrj'fclalljze  hy  cooling,  the  inotbor-lfquiil  j.«)nrcd  off  aa  coiupletcfy  aa  pc*- 

Ifibto  into  another  vessel  b,  by  gradually  inclining  the  vessel  a  ;  the  crys- 
talu  arc  thpn  repeatedly  washed  with  a  email  qnantity  of  cold  water, 

1  which  after  snch  washing  is  run  off  aa  completely  as  possible  into  b. 
(St.)  The  Te-«^d  a  is  heivted  with  wutcr  till  the  salt  is  dissolved,  and  B 
till -{  of  the  contained  liijuid  is  evaporated;  the  mother-liquid  from  h, 
aft«r  the  crystals  arc  deposited,  is  poured  into  a  third  vessel  c  ;  the  erys- 
Ulfl  in  B  repeatedly  washed  as  aforesaid;  then  the  mother-liijuid  and  like- 
wise thp  wash-water  from  a  poured  upon  the  crystals  in  n.     (3.)  All 

•  throe  vessels  are  heated  till  the  crystals  in  a  are  dissolved  in  fresh  water, 
tliode  ill  B  in  thcmothcr-liijuid  and  wash-water  from  a,  and  the  liquid  in  c 

P  roflSciontiy  coneontratcd.  In  this  manner  the  process  iscontinueiJi  smaller 
toii  gmiillcr  vessels  being  used  in  the  successive  stages  till  the  saltpetre  in 
A  Bpj>cars  perfectly  pure,  then  that  in  d,  and  «*o  on  Nearly  all  the  im- 
purities of  the  saltpetre  collect  in  the  last  vessel  a;  those  near  it  contain 
(mail  ipiautitiea  of  the  salt  in  an  impure  state. 

5,  The  formation  of  crystals  is  always  accompanied  by  development 
<if  licat :  this  is  particularly  evident  when  the  crystallization  is  rapid,  and 
IB  therefore  most  conspicuous  in  tlto  beftire-rnentioned  anonialoua  cases  of 
the  sudden  crytitallization  of  a  cooled  liquid.  In  a  few  instances  cryeial- 
KatioQ  \a  attended  with  production  of  light,     {vide  Light,) 

External  Form,  of  Cr^staU. 

The  nnniber  of  crystalline  forma  amounts  to  several  thoiiaaudfi. 
According  to  the  proportions  of  their  linear  dimensions,  nr  tueeit,  they  may 
b«  arranged  in  a  small  number  of  groupie,  which  in  Weifjs's  ,S'ffDtftn  of 
Crytfa/h'ffrapfiy  (Ath.  d.  }>hi^sik,  CloMf  de)'  K,  Academic  d.  Wus,  tu 
Berlin,  1814,  18il5,  S  298),  are  as  follows:  — 

A.  The  proportion  of  the  parts  may  be  determined  by  three  linear 
drmeinfions  or  ases,  at  right  angles  to  eneh  other, 

n.  The  three  dimensions  cfjual.  JJrijufar,  Spherfiidal,  Tessitlar  ttftt^m. 
(Reguliires,  ephiirocdrischcs,  tessularisches  krystallisystem  ) 

m.  All  the  faces  of  the  crystal  similar;  at  each  end  of  the  axis  the 
relation  between  the  faces  in  four  directions  is  the  same.  Hornoiph^vidal 
tyfioii  (HamoBphfirof'drifiches  system)  to  which  belong  the  rubrt  reijnhir 
oeloh^diyn,  r/>otf>hi>idal  dndccah-eiiron,  trupezohcdfon,  jti/ramiddl  crthe, 
ptfmiwidnl  octnhtdron,  pijramidal  dodecahedron,  &c.  (Diamond,  sal- 
ammoniac,   common   salt,   sulphuret   of  zinc,   most   simple  metals,  &e. 

Fiif.  1—12.) 

B.  One  half  of  the  Bimilar  faces  is  obliterated  by  the  other  half;  at 
each  end  of  the  axes  a  similar  relation  of  the  faces  exists  in  two  opposite 
dvrt'ctioHS  only.  Rfmitpiieroidfil  ti/ntaii  (Hemiftphfiroedrisches  system). 
To  this  beloDji"?,  on  the  ono  hand,  the  reg<i(ar  fetraAedron  formed  by  the 
oblitcralion  of  four  faces  of  the  regular  octuhedron,  with  its  modifications 
(Frtbloi-K,  l)omcite,/;5f.  1."} — I7)r  and,  on  the  other  hand,  tlic  pentaijonal 
dodrcihfdron  and  its  m&difiraliuns,  formed  by  the  obliteration  of  12 
face;"  of  a  pyramidal  cube,     (Iron  pyrites,/^.  18 — 20.) 

b.  Only  two  axe>i  equal,  Four-memberfd,  Ttco  and  one-oiw,  or  Square 
prumaiic  Syifeni  {Viergliedrigea,  jwei-nnd  einaxiges  oder  quadratischea 
ayaten),   to  which  belong  the  acuti  and  obluw  octahedron  teitlt  a  jijNaro 
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Ixue.  tkf  square  prism, oaA  the  rerfvl^r  ottaponal  prism  (MolyWate  of  lei 
aircon.  ralomel,  ferrtKryaiiido  of  potassium,  tiii-etonc<,  itc.     Fig,  21 — iO 

c.  All  thrc<^  uxea  nnoqual. 

a.  All  the  eimilar  faces  exist:  the  prfmitire  form  to  whict  tlit^  fttliw 
may  be  immediately  roduced  is  an  octohetlron  with  a  rliomhic  \in» 
Ttpo  and  tino-mfmhertd,  Ohh  and  one-cixit,  or  liifffd  pt^hmotk  sydtrm  (Zwi 
ami  Kwei-glietlriges  f»hr  cia  und  ein-axiges  systeiu).  This  coinprisea:^^ 
rhombic  octohedrou  (^y.  41),  the  rectamjular  ocioAfdron  (^A"^,  47),  tif 
double  tetrahcdruns  (tmo  reiiroscHted  in  ^fy.  5i),  the  vpruTfit  rftfiDtif^ 
prisjii  (Jiff.  44),  the  ivctattgular  prifm,  and  minierous  raftre  coniplic^ts 
forms.  (Sulphur,  nitrate  wf  potash,  sulf»hato  of  lea4,  heavy  spar,  s'ulphat 
of  magnesia,  &c.     Fiff,  41 — 80.)  .    _* 

8.  Part  of  the  similar  faces  obliterated  ;  the  lower  fore  and.  .dp]M 
back  y-eaHttces  oi  Jiff.  54.  Tlie  primitive  form  is  a  rhombic  priamwitS 
oblique  terminal  faces,  so  placed  that  one  diagonal  of  the  terminal'  meei 
h  perpendicular  to  two  of  the  lateral  edges,  the  other  diapoilifl.1-  in' 
cllned  to  the  remaining  edges;  sometimea  the  base  is  obliauely  iti^ 
dined  to  the  obtiwe  lateral  edgea  (.^.  Si),  sometimes  to  the  a^ta 
ones  (/:/  91).  To  this  eystem  also  belongs  the  Miqut  rectan/fuiaf 
prum  {f<).  82  and  92),  Tata  and  one-rtiembered  or  ObUqitf pn^mtio 
gyslem  (Zwei  und  einglicdrtgca  aystera).  (Augite,  boras:,  gypsam, 
phosphate  of  ammonia,  green  vitriol,  &e.,  ^fiff.  81 — 119.)  A  modiGcatida 
of  this  system  is  the  one  and  tuift-^iembered  (elu'iind  zwqi^liedtigieseysl<Siftr)r, 

y.  We  must  bore  introduoe  the  eyatem  diacovered  by  Mitscherltcb 
{Poffff.  8,  427)  in  hyposulphite  of  lime  and  prutnnitrate  of  mereury,  thft 

Erimitive  form  of  which  is  a  rhombic  prism,  in  which  the  faces  w  aiid  « 
arc  the  same  value,  but  the  baae  is  obliquely  inclined  to  all  the  lateral' 
odgca:  *s  happens,  for  example,  when  the  face  «  {fy-  99)  obliterates  tb 
faces  »'  and  a,  (/fl.  120.)  1 

J.  By  obliteration  of  two  parallel  ^-fac69,  and  two  paraUel-w-faeeB 
{J!-ff.  54)  at  once,  and  replacing  of  the  latter  by  two  ncsr  faces  1^ 
tljcro  arises  a  rhomboidal  priam  whose  terminal  faces  are  obiionej] 
inclined  in  eneh  a  manner  that  both  their  diagonals  make  obliqd 
angles  with  the  lateral  edges  of  the  prism.  Only  the  parallel  faiw 
and  the  diagonally  opposed  edges  and  summits  are  equal  and  similar 
Ojit  and  ong-vif)nbfrcd  or  Doubly  oblique  prismatic'  gyatem  (Eio-niii 
eingliedrigee  eysteni).  Sulphate  of  eop[>er,  baracio  acid,  gallic  acid,  &a 
Fiff.  121—130. 

B.  The  relation  between  the  parts  of  the  crystal  may-  be  deterroin«« 
by  assmtitng  4  linear  dimensions,  3  of  which,  of  equal  length,  are  dam 
tained  in  one  plane  and  inclined  to  one  another  at  angle?  of  $0°:  tfi 
fourth  if?  placed  at  right  angles  to  them.  Three  attd  one-ajrijs  ot  Jtfivnk 
bokedral  ni/item,  {Drei-inid  mnaxiffi'ii  si/stfm), 

a.  All  the  similar  faces  exist:  at  each  end  of  the  lateral  asea,  tW 
earns  relation  of  the  faces  exhibits  it«olf  both  above  and  below.  Siif 
numbered  grfttaa  (Sechs-gliodrigee  system)  including  the  doublt  six-sidit 
piframid,  the  iix-tided  and  twelve-tided  pri*m.,  &c.  (Apatite,  &o.  ^ 
131—140.)  .. 

b.  Of  each  pair  of  similar  and  parallel  faces  one  is  wanting;  at  eagi 
«nd  of  the  lateral  axes  the  upper  face  or  faces  differ  from  the  lower  boil 
in  nnmhor  and  situation.  Three  and  three-menibered  tjfitetn  {Drel-nrU 
dreigUedrigei  si/ttrm).  The  primitive  form  of  thia  system  is  the  rhom, 
bohedmn,  which  we  may  imagine  to  be  formed  from  the  double  six-sided 
pyramid  by  the  obliteration  of  half  of  the  faces  alternately  disposed 
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(Calespar,  cinnabar,  peroxide  ut  iroti.  eesatiioxiJo  of  cliromiam,  &c.,  fa. 

Tlie  pri nil tive  forms  of  these  systems  are  moreover  subject  to  iiinu^ 
m«TBbJe  tnodifications  from  truncations,  formELtion  of  edges  and  angles, 
divisions  and  curvaturea. 

Tlie  same  kiod  of  matter  may  cryHtaUize  in  various  forma,  wliich  how- 
trer  in  most  caBea  belonj^  to  one  single  crj'stallino  syatem  ouly,  nre  com* 
poitiblo  with  regard  to  thoir  aoglcs,  aad  may  be  dedaoed  from  a  common 
primitive  form.     Thus,  calespar  occurs  in  more  than  TOO  crystalline  form* 
which  however  all  belong  to  the  3  and   3-membered  syatem,  and  are 
derivable  from  an  obtuse  tbotnboliedron  {fy.  141),     If  we  arc  acquainted 
wilh  bat  ono  form  of  a  crystalline  body  we  may  yet  conclude  that  the 
body  might,  under  certain  circumatanccs,    assumo  alt   tbo  other   forme 
Ijckinging  to  the  same  system.     Why  the  eame  substances  shonld  aasurae 
Bonjetimcji  one  somctimea  another  form  belonging  to  tJie  same  system,  ia 
not  yet  satisfactorily  ascertained.     According  to  Beudant  {Ann.  Ckivi, 
Phyf,    8,    5),  temperature,    electric.il   condition,  the   concentration  and 
Tolume  of  the  tiquid,  tbo  form  and  substance  of  the  containing^  Teasel, 
the  state  of  the  barometer  and  hygrometer,  have  no  influence  on    th« 
form  asanmed.     Bouchardat  al«o  (/JniJ.  Chiit^,  Phys.  ;i2,  SWCI),  obtained 
Dmmou  salt  constantly  in  cubes,  and  alum  in  octohedr«mB,  differing  only 
'i  magnitude,  whether  the  crystallization  took  place  in  vessels  of  HUlphur, 
■Jphite,  or  mettils  of  tlie  nvost  various  kinds.     The  greatest  influence 
a])i)earB  to  be  exerted  by  the  presence  of  forfign  bodies  in   the  crystal* 
tiuiiug  liquid.     Sal-ammoniac,  which  crystallizes  in   nctohodrons  from  a 
rfution  in  pure  water,  produces  cubes  when  the  li>[uid  contains  a  large 
Tiaantity  of  urea,  and  cabo-octohedrons  when  a  ymatl  quantity  of  urea  or 
Doritcic  acid  is  present,      Common  Salt,  which  when  alone  crystallizes   in 
cubes,  afsumea  the  octube<lra^l  form  when  the  liquid  also  coulainci  urea, 
nod  the  cabooctohedral  when  boracic  acid  is  present.     Chloride  of  potas- 
MUin   which  separates  in  citbcs  from  a  pure  aqueous  solution,  deposits 
cubes  with  truncated  edges  wben  tlio  liquid  also  contains  corrosive  subli- 
mate (./>*f7.  5).     A  solution   of  alum,  to  which   a  little  alcohol  has  been 
added,  yields  cubes  instead  of  octohedrons;  the  addition  of  hydrochloric 
acid  to  the  same  solution  causes  the  alum  to  crystalitzo  in  cnbo-ico^he- 
drons  {fi^-  20);  the  addition  of  borax  gives  rise  to  cubo-octo-dodecahc- 
drotis  \jLj.  8).     Protosulpbate  of  iron,  which  by  itself  crystalliises  iu  the 
form  shown  in  Ji(f.  Ill,  yields,  according  to  Bcud:iut,  when  its  solution  is 
mixe<l    with  sulphate  of  zinc  or  sulphate  of  magne*fia,  crystals  which 
exhibit  only  the  i-,  u-  aud  c-  faces  j  but  if  hydrochloric  acid,  borax,  or 
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phosphate  of  soda  be  present,  the  crystals  exhibit  a  gneftter  number  ( 
feces  than  tliose  rojir<;sented  in  fy.  111.  AccordiLg  to  Beiidaiit  iigiLin,  »^ 
solution  of  alum  or  gr«en  vitriol  mixed  with  finely  pouuJed  eulphate  of 
lead,  deposits  In  the  paato  which  settles  at  the  bottom  a  iiumbor  of  crys- 
tals having  fewer  and  leas  polishetl  fMes  than  tfauae  obtained  from  pure 
mlutioua  of  tlie  earns  ealtd :  this  cffoct  is  attributed  by  Ueudaut  not 
so  iQuoh  to  any  mecLauical  influence  exerted  by  the  puwd«r,  as  to  the 
chemical  action  of  the  extremely  email  (juttntity  of  siilphato  of  lead 
which  dissolves  in  tha  water.  The  peculiar  forms  of  lluor-spBr  men- 
tioned on  pag*  13,  likewise  indicate  the  proaenco  of  foreign  matter  at 
certain  timea  during  its  cryatallization.  In  some  caaes  only,  asforexiunpk 
that  of  protosulphate  nf  iron  miiccd  with  sulphate  of  zinc  or  enlphato  uf  ] 
copper,  haa  it  been  demonatrateii  thut  the  foreign  body  separates  from 
the  solution  along  with  the  crystals;  in  most  instaucea,  on  the  contrary, 
e.g.,  common  salt  with  urea,  thia  does  not  appear  to  be  the  case,  and  the 
action  of  these  substances  is  perhaps  for  the  moat  part  attrlbutablo  to  the 
fact  that  their  presence  in  the  liquid  from  which  the  body  eryetalUii*s 
occasions  the  union  of  ita  partiolce  according  to  fiitcd  laws, 

The  rule  that  all  the  crystalline  forms  of  any  particular  Bubstauc^ 
belong  to  the  same  system,  and  may  he  derived  from  the  same  ultimate 
form  ia  aubject  to  several  exceptions  ;  many  aubstancoa,  both  jiimple  and 
compound,  are  dimorphous vmiX  perhaps  even  trijiwrphou*,  i.e,,  they  present 
HiCcording  to  circuniHtiinces,  2  or  3  ditl'erent  groups  of  crystalline  fgnos, 
which  may  lie  reduced  to  2  or  3  different  aystcnia,  or  at  least  to  2  oi  3 
priuiitive  forms.     (  Vid.  Albnity,) 

The  number  of  systems  of  crystalline  forma  being  small,  while  that 
of  crystallimble  bodies  amounts  to  several  thousands,  it  necessarily 
hdppena  that  a  great  purabor  of  bodies,  differiug  widely  in  other  res- 
pects come  under  one  crystalline  system  j  and,  on  the  other  hand,  de- 
linite  individual  forms  of  the  same  sjetera  are  found  belongring  to  bodies 
©f  very  different  nature.  If  the  forma  of  different  substancoa  belong  to  the 
tegular  aystem,  there  can  bo  no  difference  in  the  magnitude  of  their  angles, 
because  the  3  axes  of  that  eyetem  are  equal;  tlius  the  angles  of  the 
rt^^ular  octohodron  remain  the  eame,  whether  the  crystals  consist  of  alum, 
eal-ammoniac,  or  diamond.  In  the  other  systeme,  on  the  contrary,  since 
the  axes  are  unetjual,  and  the  inequHJity  is  of  different  magnitude  iu 
different  substances,  it  follows  that  angular  dilforencea  of  various  amount 
mnat  exist  in  tbe  crystals  belonging  to  different  bodies  included  in  these 
Bystems.  Thus  the  octahedron  with  a  square  base  of  Anataso  {fi^,  21), 
is  acute,  that  of  Zircon  {foj.  23)  obtuse,  because  in  the  former  the  longi- 
tudinal axis  is  longer,  iu  tJie  tatter  shorter  than  the  lateral  axes.  These 
angular  differences,  however,  are  often  very  sinall:  thus,  for  the  blunt 
lateral  edge  of  the  rhombic  prism  of  Bulphato  of  magnesia,  we  fiud 
(«  :  li  ^.  71)  00°  30';  in  sulphate  of  zinc  (u  :  ti^fy.  73)  91'  7':  aud  the 
angle  of  the  terminal  edges  of  the  obtuse  rhombohedron  (r  :  r')  amounts 
in  calcspar  to  105'^  5',  in  manganese  sfiar  to  106"  51',  in  iron  epar  to 
107°  2',  in  bitter  spar  to  107^  22',  and  in  calamine  to  107"  40',  Thia 
near  approach  to  equality  in  the  angles  ia,  however,  often  co-oxisteut 
with  similarity  of  chemical  constitution,  {Fid.  Isomorphism,  nnder  the 
head  of  Affinity.) 

Inter-nat  Strudure,  Texture  of  Crtftiah. 
Almost  all  crystals  may  be  moi^  easily  split  or   elovm,  in  certain 
directions  lying  iu  determinate  pluuee,  than  in  others;  they  exhibit  from 
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to  7  planet  of  dtavaye  (BlatterdiiroLgiingc)  intersecting  one  another  at 
Tiuiiiatc  angles.  This  iliflorent  facility  of  separation  of  a,  cry^^talline 
use  in  certain  illrections  may  be  abowu  not  only  by  mechanical,  but  also, 
ftcooniing  to  DBniell  {^Sihw,  19,  38  «,  104)  by  cbeiuicnJ  means;  foi-  tplien 
nuBttea  of  different  auhatances  having  a  crystalline  etnictur«  but  no  dotcr- 
to  extonial  form,  are  plated  in  a  liquid  wliieli  docs  not  act  too 
ly  on  thciii,  the  undis^iolved  portions  sometimes  exitibit  grooves  and 
essiona  in  tbi^  direction.^  of  the  planes  of  deavuge,  eonietimes  assumo 
fth  to!f>rablo  dJMtiuctiiesa  tho  primitive  forms  of  tlio  svitcms  to  which 
-"belong.  Again,  when  pieces  of  native  sulpburet  of  antimony 
i^t-glanaBr?,)  are  placed  in  recently  fused  sulpburet  of  antimony, 
il  iiulf  melted,  the  iinmeltcd  portion  as>!iimes  tho  form  of  distini't 
slab.  (Faraday,  Qu.  Jour,  of  Sc,  1821:  also  jScAw.  32,  481.)  To 
;his  plass  of  phenomena  also  l>tdung  the  Figures  of  Widmanstadt,  and  tlio 
^oi'i'*'  inetafiique,  i,  e.,  certain  figures  corresponding  to  the  ptauea  of 
leaviige,  whiyU  conio  to  Ug^ht  when  meteoria  iron  or  tin-plate  is  acted 
pon  by  acide,  Tho  more  dietinct  planes  of  cleavage  of  a  body  are 
flerally  parallel  to  the  faros  of  ono  of  the  primitive  forms  of  the 
'•ton)  to  wliidi  it  belongs  :  the  Iwa  distinct  to  other  less  impottaut  focos 
I  tjie  same  system.  ThuSj  flnorspar  has  4  planes  of  cleavage  corres- 
iflding  to  the  S  faces  of  the  regular  octoliedmn,  or  the  4  faces  of  the 
lar  tetrahedron ;  the  a  planes  of  cleavage  of  heavy  spar  (,/?jf.  49)  are 
rallef  to  the  fat-ea  p,  u,  and  u'  of  the  upright  rhombic  prism;  tho  3  cleavago 
lanes  of  calcspar  to  the  B  r-  faces  of  the  obtuse  rbombohedron  {fy.  HI), 
c.  In  did'eront  crystals  of  the  same  substance,  ono  or  other  of  tho  leaa 
isttnct  cleavage  planes  ia  often  wanting;  those  however  which  can  1x3 
traced,  always  make  the  same  angle  with  each  other,  whatever  may  he 
IliC  oulward  form  of  the  crystal.  IJifferent  substances  may  present  the 
Bame  cleavage  jilaisos  when  they  belong  to  the  regular  system ;  if,  how- 
(Bver,  they  belong  to  any  other  system,  they  always  exhibit  at  least  slight 
difTercMcea  in  the  directions  of  tiioir  cleavage  planes.  Imagine  a  crystal 
to  be  cloven  according  to  its  most  distinct  cleavage  planes,  or  according 
to  thetn  alt;  it  will  then  bo  resolved  into  the  ao-called  Simph  Moleenks 
{iUi.'fwnlrn  {iiteffrantfs),  whose  fonn  is  either  a  regular  or  irregular  tetnt- 
hcdron,  a  regnlar  or  irregular  three-sided  prisnij  or  a  paratlelopipcd. 
When  t!ic  faces  of  a  crystal  do  not  run  parallel  to  its  principal  cleavage 
planes  (the  so-called  Secondary  Form),  it  is  possible,  Ly  splitting  the 
I  crystal  at  certain  pointa,  in  directions  parallel  to  tliese  planes,  to  remove 
n  cstcrnol  envelo|),  the  so-called  S«co7idary  ?«««;?,  and  leave  in  the  ndddle 
crystalline  kernel  or  Nucleuji,  whose  faces  are  parallel  to  the  principal 
Icavagc  planes.  This  form  is  regarded  by  Hauy  (Traite  de  Mim^mlogie^ 
iT.  I ),  ns  the  Primitive  Form,  which  he  supposes  to  have  been  developed  firstr 
le  further  Bupposes  that  on  the  faces  of  this  primitive  form  there  have 
leen  deposite<l  sucneseive  taniiiim  cousiattng  either  of  simple  molecules  or 
of  aggrcgntiona  of  the  same  into  compound  moleculea  (moUailti  sout^rac' 
th'f$);  and  that  those,  being  deposited  in  such  a  manner  that  the  dimen,- 
Ptons  of  the  lamina?  go  on  decreasing  from  one  of  the  edges  or  summits, 
have  produced  tho  secondanr  form.  Thia,  however,  is  nothing  more  than 
a  theoretical  view,  of  which  Hany  availed  himself  in  calculating  the 
arrangement  of  the  secondary  faces,  einee  it  is  found  that  cryatala  on  their 
lirf<t  appearance  exhibit  the  same  form  as  after  their  complete  dcveloji- 
ment.  Moreover  Wcise  has  shown  that  iudependently  of  any  such 
unnatural  hypothesis,  the  angles  of  the  ditferent  primitive  and  secondary 
fftces  of  Br  cryat&l  may  be  calculated  from  l!ie  mere  proi>ortion  of  iu 
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Imtnr  dimensions.     The  rttflinic  theory  seeks  to  expl&'tn  the  sinicturo  of] 
orjgtaiB  by  Bttributiiig  a  tHetinct  form  either  to  the  atoms  tbemselres,  or  if 
tMM  be  regardetl  aa  spheres,  to  a^regations  of  several  of  them.     (  Vid, 
Affinity.)     The  advocates  of  the  dynamic  theory  proceed  partly  from  the  I 
hypothcajs  that  every  solid  body  Jifi'ers  from  a,  fiuid  in  this  TCgf>6i't,  that  I 
tlie  cohoaion  of  its  jjarticles  is  of  different  amount  in  different  dircctionB,  [ 
and  further,  that  in  a  crystal  these  directions  eitend  through  the  wliok 
rnaas  in  slmight  potar  lines. 

Adhesion, 

Tbftt  kvtirl  of  attraction  which  acts  at  iafiuitdy  small  distances  onlj 
between  bodios  of  tlitferont  natures,  giving  rise  to  the  union  of  thesetl 
bodies  into  a  heterogeneous  whote  called  a  AtUtin'e  or  Afechanicat  CVw^ 
bittation,  which  may  in  most  cases  be  overcome  by  mechanical  force. 

It  ap]>eara  to  he  exerted  between  all  kinds  of  matter,  imponderablej 
as  well  aa  ponderable,  but  in  variona  de^ees,  [On  the  adhesion  of  ira-I 
poudemMe  bodies  to  ponderable  bodies  see  the  part  of  this  work  which] 
treats  of  Ini])ondemblee.]  Iteapecting  the  adhesion  of  ponderable  bodies] 
to  one  another  the  following  cases  must  be  distinguished : — » 

1.  Adhesion  between  elastic ^u ids. 

D^vsion  o/  Oasea. — ^All   gases,  even  when  under  existing  C]rciini-« 
stances  they  do  not  enter  into  chemical  combination,  yet  diffuse  th^Ol- 
selvca  through   one  another  and    form  a  uniform  mixture,  thouj^h  thMf  I 
specific  gravities  may  be  lery  different  and  they  may  be  kept  cxtemallyl 
at  perfect  rest.     If,  for  example,  two  bottles  be  connected  by  an  uprtarht  1 
gla^  tube  10  inohes  long  and  ^  inch  wide,  the  upper  bottle  being  filled' 
with  hydrogen,  nitrogen,  binoxide  of  nitrogen,  or  common  air,  and  thej 
lower  with  the  heavier  gas  carbonic  acid,  or  the  upper  with  hydrogen i 
and  the  lower  with  common  air,  nitrogen,  oxygen  or  binoxide  of  nitrogen,! 
a  portion  of  the  heavier  gM  -wilt  after  a  few  hours  be  found  in  the  upper 
bottle,  and  after  two  or  three  days  both  bottles  will  contain   the  two 
gases  in  the  same  proportion  (Daiton,  Phil.  J/«^.  24,  8).     Tiie  same 
result  was  obtained  by  Bertbollet  {Mhn.  tT Armed,  2,  403)  with  a  tube 
10  inchoa  long  and  ■{■  of  an  inch  wide  placed  in  a  cellar  where  no  change 
of  temperature  could  take  place   to  set    the  gases   in   motion.     When 
hydrogen  was  the  gaa  contained  in  the  upper  vessel  the  two  gases  were 
found  to  be  uniformly  mixed  in  1-2  days;  but  when  air,  oxygen,  or 
nitrogen,  was  contained  in  the  upper  vessel  and  carbonic  acid  in  the 
lower,  several  weeks  elapsed  before  the  mixture  became  perfectly  uniform. 

If  a  cylinder  filled  with  any  gas  and  placed  in  a  horizontal  position 
be  made  to  communicate  with  the  external  air  by  means  of  a  knee-abaped 
tube  in  such  a  manner  that  the  end  of  the  tube  is  directed  downwards 
wlien  the  gas  is  lighter  and  upwards  when  it  is  heavier  than  the  air,  the 
gas  will  gradually  escape  from  the  cylinderj  it«  place  being  supplied  by 
the  air.     According  to  Qraham, 

Of  1 00  volumes  of  gas  there  disappeared. 
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From  this  it  appears  that  gases  eecape  tlte  mow  quickly  the  lighter 

'are;  and  tlioir  cipansive  power  or  diffitslbUUy  probably  variea  in 

'vefse  ratio  of  the  square  roots  oi  tbcir  specific  gravities.     Thus 

uQres  of  Lydrogen  escaped  in  two  hoursj  and  the  eame  volume  of 

ic  acid  in  10.     Now  tliia  proportion  of  1  :o  is  nearly  tliat  of  the 

are  root  of  1  (epcc.  grav.  of  hydrogen)  to  the  square  root  of  22  (spec. 

V.  wf  carbonic  acid,)     (Graham.) 

If  tlie  (.'ylinder  contain  a  mixture  of  2  gasesj  tlie  more  difi'uajble  of  tlio 

o  will  esjcape  iu  greater  jiroportioa  into  the  air,  and  the  lees  diffuaiblo 

snialkr  proportion  than  if  each  gae  were  containetl  in  the  cylinder 

ne.     Thus  of  50  mea^urea  of  hydrogen  and  50  of  olefiant  gas  there 

io  10  hoiira  477  uieaaurea  of  the  former  and  12*5  of  the  latter : 

\y  47  measures  of  hydrogen  and  20  of  carhoiiic  acid ;  though  in 

osiees  the  opening  of  the  knec-shapcd  tube  is  directed  downwards  : 

»r  in  4  hours  tht-re  escape  268  vol.  of  light  carbnretted  hydrogen 

12' 5  of  carbonic  acid,  also  22'8  of  light  carburelted  hydrogen  and 

i86  of  olefiant  gag.     If  two  bottles  be  connected   together  by  a  tube 

Vuied  in  a  vertical  position,  the  lower  bottle  being  7  times  as  large  as 

vt  upper  and  filled  with  carbonic  acid  gas,  while  the  upper  one  is  tilled 

itb  a  mixture  of  hydrogen  and  olefiant  ga*  in  equal  volumes,  the  upper 

eai*l  will  after  10  hours  be  found  to  contain,  besides  carbonic  acid,  a 

jUMtity  of  olefiant  gas  who*e  volume  is  4  times  as  great  as  thut  of  the 

kydroj^vn  still  remaining  ;  tlie  latter  liEis  therefore,  iu  spite  of  its  greater 

l«v)ty,  dili'iisied  itself  through  the  lower  vessel   with  greater  rapidity. 

^Gmbiui,  Qh.  Jour,  of  Sc.  e,  74 ;  also  Sehtt',  57,  '215). 

hi  the  same  manner  also  vapours  diffuse  themselves  through  one 
Mother  and  through  the  more  perntanently  clastic  flnida. 

When  (liffereut  elastic  fluids  liiive  once  Jifluscd  themselves  uniformly 
through  one  another  they  never  aeparate  again  according  to  their  different 
specific  gravities,  for  however  long  a  time  the  mixture  may  bo  left  at 
reet ;  this  Wiis  shown  long  ago  by  Priostley. 

These  grtseoua  inixturea  differ  caBontiaUy  from  all  other  mixture*  in 
iio  following  respect;! :  their  heterogeneous  constitution  cannot  be  de- 
.tected  by  the  eye  ;  tliov  transmit  light  without  the  slightest  disturbance  ; 
Wnd  they  cannot  be  decomposed  by  mechanical  meuns.  It  mu»t  be 
otMerved  however  that,  gases  when  devoid  of  colour  cannot  be  distinguished 
from  one  another  by  the  eye ;  they  are  invisible,  and  &  glaas  veeacl 
presents  the  eame  appearance  whether  it  is  exhausted  of  air  or  filled  with 
a  coluurleat  gaa.  When  therefore  two  gasea  have  by  their  natural  a^he- 
aion  dit}ii«cd  themselves  through  each  other  with  that  extreme  uniformity 
which  their  great  mobility  and  lightness  render  possible,  it  is  not  to  ho 
exiieclcd  that  their  heterogcneoua  nature  slionld  be  detected  by  the  eye  ; 
and  even  the  colour  which  some  gases  possess  i«  by  this  extremely  inti- 
mate mixtnre  so  much  divided  that  even  the  microscope  cannot  distinguish 
ihi'  coloured  and  coloorlesa  particles  of  gas.  This  minute  division  »!«> 
causes  the  ra^  of  light  to  be  uniformly  refracted  in  the  gaseous  mixture 
and  to  go  atmight  through  :  lastly  the  same  cause  must  prevent  mecha- 
nical st'patatloii,  unless  we  can  find  sieves  fine  enough  to  let  the  smaller 
particles  pass  through  them  and  slop  the  rest.  This  peculiarity  of 
gaseous  mi x( area  haa  led  aeveral  chemists  to  propose  the  following  theories 
•^which  however  are  likely  to  be  soon  forgotten — respecting  their  nature. 
I.  Bcrfhollet.  Murray,  and  others  regard  a  gaseous  mixture  as  an 
iniperfi^rt  chemical  combination.  Gas-miiturea  are  however  deatitnt*  of 
all  the  charact^ra  of  a  chemical  combioaiioQ  excepting  uniformity  :  (a) 


It  is  not  imo  that  orety  substance  c*n  mmliine  with  eveiy  other :  e.  y. 

wmtor  mxxe^n  with  alcohol  hut  not  with  oil  ;  on  the  contrary,  ov*fy  gu 

whether  «iiuple  or  componml  tuiics  with  every  other ;  anil  the  rapidity 

with  which  iho  mixture  takes  jilace  clpjjcnds  not  on  the  chtmioal  nature 

of  the  giuea,  btit  only  on  their  specific  gravities,     (fc.)  Agreeahly  to  thi* 

theory  BertlioUot  rpgarils  tlio  evaporation  of  water  oml  other  bodies  in 

the    air  below    their   boiling    points   aa    a    chemical    Bolution.     But    th» 

quantity  of  any  salt  which  water  can  dissolve  increases  with  the  qaantity 

of  water  present ;  on  the  contrary,  the  (jnantity  of  water  which  eraporat^ 

in  a  g;ivon  space  is  the  same,  whether  the  space  be  void  of  air  or  filled 

either  with  rarefied  or  condenecd  air  :  and  the  evaporation  g<'*s  on  niowl 

slowly  in  tbo  last  mentioned  case,  precisely  that  in  which  the  quantity 

of  the  so-calleil  aoWont,  the  air,  is  the  jifreatest.     (c)  The  mixing  of  gams* 

i«  never  attended  with  alteration  of  temperature,  a  plieaomeuon  which 

always  accompanies  real  clietnital  combtnations.     (d.)  In  luoat  chemical 

combinationa  an  alteration  of  volume  takes  place,  but  not  in  the  niixtng 

of  giiscs.      (e.)  The  refractive  jwwcr  of  a  paseoos  mixture  is,  am^rdiog'  to 

Biot  and  Arago,  exactly  the  mean  l>etwccn  the  refraotivo  powers  of  tho 

individual  gaaes  which' compose  it;  such  however  in  not  the  ease  wit! ' 

real  ihrmical  combinations  of  gases,  «.  g.  of  hydropon  and  nitrogen  pi 

tlufiiig  ammonia.     (/'.)  Change  of  colour  is  often  oljeerved  in  chemii 

combinations,   never  in   tho   niiiing  of  gase.9,     (</.)  When  one  body 

combined  with  another,  a  third  bo<ly  may  withdraw  the  first  and  unite  ji 

to  itself,  the  combination  taking  place  less  eiisily  in  most  cajses  bnt  nioi 

easily  in  some  than  if  the  (ir.st  body  were  in  the  free  state.     Thus  eulphni 

takes  oiygcn  from  protoxiUo  of  nitrogen  at  a  liTtrlier,  but  from  nitric  acit 

at  a  lower  tomiierature  than  from  oxygen  gas-  but  thl.'i  aubatance  taket 

firo  in  a  mixture  of  oxvgen  and  nitrogen  (atmospheric  air)  at  exactly  thi 

nino  tom{»Gratiire  vb  in  pure  oxygen  gas.     Alkaline  sulphites  abBtraefc 

OKyg«n  from  tlio  air  as  easily  as  from  pure  o.\ygen  gas,  bnt  not  from 

protdxide  of  nitrogen  which  is  n  true  chemical  compound  of  oxygen  and 

ttltl<Ogotk.     That  phuspborua  enters  into  slow  combuation  in  the  air  at  a 

lowor  iemperatnro  than  in  oxyg^cn  gaa  is  acconnteJ  for  by  the   mare 

raniled  conditimi  of  the  nxygcii  iti  the  air. 

S.  llaltnn  «upi>o(ir>d  that  in  elastic  fluids  ei-ery  atom  of  ponderable 
Btattor  in  Hurroimded  with  a  ^pbero  of  boat:  an  elastic  fluid  is  therefore 
to  be  regnnlod  u  a  collection  of  ephcres  of  boat  each  having  a  ponderable 
atom  in  \\m  eeRtro.  Him  first  lijpotlicf<iji  wa«  that  the  colorifio  epheree 
belonging  to  tho  oatne  elnetie  fluid  repol  each  others  but  not  those  of  any 
other  eliMtio  lluid,  no  that  as  far  a&  any  other  eucU  Duid  k  concerned  they 
may  \m  rcj^ardr-il  iw  not  oxiating.  Hence,  neglecting  the  atoms  of  ponder^ 
able  matter,  whink  moreover  are  supposed  to  occupy  an  exceedingly 
miiiiU  npncn,  an  i-laBtie  lluid  iniiy  be  regarded  as  a  vacuum  with  respect 
to  other  elastic  Ihiida:  hence  it  is  that  bodies  of  this  nature  diffuse  them- 
Btdv(»  mpidlv  through  one  another.  To  tins  «t  may  lie  replicti  :  {n)  that 
oxiKirirnco  utiowM  that  this  difTueion  when  it  takes  place  through  narrow 
eotitiocting  t(ibn«  occupies  several  days,  wherena  according  to  t!io  liypo- 
thexin  it  ouglit  to  bo  initantaneons  ;  {li)  that  this  suppose*!  cxpauciion  of 
the  gaj«e*i  ought  lobe  attended  with  ro<luction  of  temperature;  (c)  that 
ftcconling  to  tiiis  hypotbcBis  tbo  atoms  of  the  ga^ca  must  often  be  brought 
Into  imiiiciliatu  cimtiict,  und  OODM<|tlently  must  combine  when  they  have 
any  nllinity  fi>r  itach  other  ;  Bnoh  however  is  not  the  case  with  the  greater 
number  of  i-bwlie  tlnitln. 

Uultou  therefvroi  afterwanU  twumcd  that  the  ephernles  of  different 
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anti  rapQTire  univprsally  repel  each   otlier.     He  explained  thfliir 
Uaro  by  supposing  tlieir  xpli«ri(l«s  to  lie  of  Jifferenl  siaee.  mo  that  whem 

rnnio  in  contact  tlie  cliirercnt  sphoniloa  press  upon  eticb  other  tin- 

»^aally  au<l  pruiliico  purrents  till  the  whole  hu  become  imiforinly  mixeil, 
1/ howover  we  calculafo  the  mte  of  the  spherules  on  this  hypothl'ar^  Imt 
»riling  to  inorp  sMicuratp  cxpoHmcnts,  wo  find  that  all  olaatio  fluiilft 
1h>  divided  into  7  ciaflses  aecurding  to  the  nrnfrnitiide  uf  iheir  gaseous 
erulps:  if  tho  volume  of  tho  gaj^eous  wphonilcs  of  sulphur^vaponr  he 
ioi(iil  equal  to  1,  that  of  oxygen  ^as,  olefiant  gas,  phosphorus  vapour, 
&*,,  will  lie  3,  of  hydrogen,  nitrogenj  and  chlorine  gsisea)  &c.,  6,  that  of 
bydrochloric  acid  g*?,  amiuouifical  gas,  &c,,  12,  aad  that  of  some  others 
ft,  18.  and  24.  According  to  this  hypotlieais  gawe  whicJi  belong  to  one 
and  the  same  class  aud  therefore  haro  spherules  of  equal  magnitiide 
oiifc'ht  not  to  mil.     Comp,  Draper  {P/iH.  Ma^.  J.  13,  241). 

Mixture  of  gasos  likewise  takes  plaoo  when  they  are  separated  by 
tbe  intt?rjM)5ition  ft{  a  porous  body.  In  this  more  complicated  cjwo  we 
\aive-  to  conaidor,  h«fiides  the  various  difluaibilities  of  the  gasee:  (1.)  The 
»inalliii.'8«  of  ths  ports  which  may  favowr  the  penetration  of  one  gas 
ratliff  th.in  of  the  other.  (2.)  Thediflerent  degrees  of  adhesion  which 
the  dinphnigm  eierta  upon  the  different  gasets,  by  viftue  of  which  the 
(P*  which  adheres  most  powerfully  jtenetnites  the  diaphragm  moat  eaaily, 
^a»i'l  attaining  tho  opposite  surface,  mixes  with  the  oSier.  (3.)  The 
ttiircnt  degrees  of  aflinity  of  the  dia]ibragm  for  tho  gnaea  (e.  rf,  of  water 
t  a  wet  bladder)  by  which  the  gaaee  are  absorbed  atnl  carried  to  the 
sido  of  the  diaphnigiii.     Thei  following  cases  require   piirticuW 

Cracts  in  fllant.     Hydrogen  ga.?,  kept  tn  a  cracked  receiver  standing 

OTCT  water,  e*c!ipc8  by  degroCB  throngb  tho  crack  into  the  mirronndiiig 

«ir,  the  wal*r  an<ior  thn  receiver  rising  to  the  height  of  2|  inch  above  tho 

I'uutcr  level.     The  remnining  hydrogou  contains  7  per  cent,  of  nitrogen 

^|I*ut  no   oryg«>n.     If  the  receiver  be  filled   with  oxygen  and    nitrngen 

in-^traiJ  of  hydrogen,  nothing  will  escape  from  it.     In  the  same  tnatinor 

•a  eacftpes  out  of  bottles  closed  even  with  well  ground  stoppers,  if 

f'pon  aro  nut  greased,     (^IXotereimr,    Ueber  nc^t  eiddfci-dr  hikhil 

•idi'je  E iffr.iurh^jyrn  der  Pfatini,  Jena,  182.5,  s,  13.)     The  crack 

o  neither  too  narrow,  in  which  case  it  would  allow  no  hydrogen  to 

||>nii«,  nor  too  wide,  in  which  it  would  give  passage  to  other  ga«ea  m  well; 

it  oftvn  li«oomp«  loo  wide  during  tho  experiment  from  unequal  preBsnre  of 

[the  nir.     If  tho  cnicked  recti iver  containing  the  hydrogen  be  placed  over 

a  trough  of  i»opcnry  and  covered  with  an  uncrackcd  receiver  containing 

air  or  carbonic  acid,  the  mercury  will  rise  in  the  inner  receiver  to  Iho 

height  of  an  incli  or  two,  rind  sink  in  the  same  proportion  in  tho  outer; 

but    wln?ii  tho  dillcrenco   of   Icvoi  amounts  to   about  2   inches,    the  air 

bcgin«  to  enter  thnjugh  the  crack.     If  the  inner  cracked  receiver  be  filled 

I  with  air  itnd  tho  outer  with  hydrogen,  tho  mercury  will  rise  in  the  outer 

whil  nink  in  tho  inner,  i)roviiig  tliat  tfia  hydrogen  makes  its  way  through 

'the  (■rack  in  oppo.sition   lo  itn  smaller  H^M^rific  gravity.     (Mngnos, /*oj7^. 

110,  1,53.)     Supposing  it  to  ho  esWdjshed  thftt  the  remainisig  hydrogen  ia 

[free  from  all  traces  of  air  or  mrlMmic  acid,  which  however  is  queetionod  by 

[Gnb«m  who  wupjioses  (hut  an  interchange  take?  place,  then  these  eiperi- 

[ra«Bt«  woidd  »li(iw  that  tho  eritallor  atom.s  of  hydrogen  are  capablo  of 

aaking  their  way  through  intervals  which  arft  impervious  to  the  larger 

lomw  of  <»rbo«iio  acid,  ire, 

Hottlc*  filled  over  merctiry  with  detonating  gae  (a  inixtaro  of  1  to!,  of 
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oxygen  and  2  of  lijrdrogtn)  to  f  of  tUeit  bulk,  cIo«e<l  wUli  well  ground  bnt 
uagreaecd  stoppers,  and  inverted  in  mercury  in  such  a  nianaer  lliat  tbo 
level  of  the  lifjuid  may  bo  eomeMlmt  lower  witbout  than  witbin,  aud  kept 
in  a  dark  place  for  15  montbs,  are  found  still  to  contain  the  same  volome 
of  gas,  ^  of  tbeir  bulk,  but  this  gaa  is  a  mixture  of  about  equal  parts  of 
detonating  gaa  and  comtnon  air.  An  interchange  of  gas  and  a,ir  baa 
therefore  taken  place  both  botwccu  tbo  |L;las8  and  mercury  at  the  outer 
and  iuuer  surface  of  the  bottles  and  likewise  through  tbo  interral* 
between  the  necks  and  Btopperg,  {Faraday,  Qti.  J,  of  6'c.  22,  220  j  also 
Fvffff.  8,  124;  and  A'rtsfM.  Arch.  9,  398.) 

Earlkeiware,  Unfjlnzed  Wnlgeii'ood'Ware,  When  gnees  are  generated  ia. 
earthen  retorts  or  conducted  through  carlbenwarc  tubea,  portions  of  them 
BBcape  through  the  porcjs  and  are  replaced  by  air  entering  from  without, 
or  when  tbo  earthen  vessels  are  placed  iu  tLo  fire,  by  nitrogen  and 
carbonic  acid  gasea.  If  we  heat  iu  on  earthen  retort, — which  when 
immersed  in  water  is  impervious  to  air  blown  into  it  but  por™us  unde<i 
the  atrouger  prcasure  produced  by  the  air-pump, — -water,  hydrate  of  limeoi 
moist  clay,  either  to  redness  or  but  just  above  the  boiling  point  of  water, 
Tory  little  water  is  evolved  from  tlje  ret^irt,  the  greater  part  eso.-ipinq 
through  the  pores;  but  there  is  obtained  a  quantity  of  atmospheric  air 
amounting  sometimes  to  -p^  of  the  weight  of  the  water  present  and  con- 
taining less  oxygen  and  more  carbonic  acid  (obtained  from  the  fire)  than 
conimou  air.  If  the  retort  is  enclosed  in  a  receiver  standing  ove? 
mercury,  the  neck  together  with  the  gis-doliveiy  tubo  passing  nini^iif 
through  an  ojvening  in  the  top,  and  beat  is  applied  to  the  retort  hy  lutaue 
of  a  largo  lens,  a  considerable  quantity  of  air  is  disengaged,  water  coUesb 
over  the  mercury  and  the  mercury  rises  3^  inches  if  the  retort  is  made  ol 
compact  earthenware,  to  a  Bmaller  height  if  it  is  more  porous,  the  air  o; 
the  receiver  penetrating  into  the  retort  apparently  in  opposition  to  th< 
laws  of  bydrostatioa.  If  the  reoeiver  contains  hydrogen  or  blnoxlde  of 
nitrogen  instead  of  common  air,  the  mercury  rises  in  liko  manner  and 
these  gases  issue  from  the  gas-delivery  tube.  From  the  same  cause, 
when  vapour  of  water  is  passed  tbroogli  a  tubacco-pipo  tube  heated  to 
redness,  a  mixture  of  gases  is  obtained  differing  little  from  common  air. 
Vessels  or  tubes  of  chalk  or  white  marble  act  in  the  same  manner  as 
©arthenwaro  vessels,  (Priestley,  Exper.  and  Ols.  3,  23.)  When  black 
oxide  of  manganese  is  heated  in  a  Wedgewaod-waro  retort  and  tbo 
resulting  gaa  collected  iu  separate  portions,  the  first  portion  contains  22, 
the  second  '25,  the  third  26,  the  fourth  44-7 a,  the  fifth  44,  the  sixth  46'S, 
the  seventh  41,  and  the  eighth  18-25  per  cent,  of  oxygen.  The  earlier 
portions  aro  contamiuated  with  the  air  of  the  vessel,  tbo  latter  with  tho 
mixtnre  of  nitrogen  and  carbonic  acid  gases  which  penetrate  into  the 
retort,  the  quantity  of  this  mixture  continually  increasing  with  tho 
enlargement  of  the  pores  by  tho  beat,  (and  with  the  increased  diffusibility 
of  the  gases  conseijnent  upon  exjjanaion,  &ra/iam}.  Pfaff.  {Scltw.  18,  80.^ 
This  mixing  of  gases  through  earthenware  exjdains  the  incorrect  results 
of  certain  old  exjreriments,  in  which  vapour  of  water  was  said  to  bo  con- 
verted into  nitrogon  ga-9  by  passing  it  thruugb  red-hot  tubes,  and  chloride 
of  silver  to  be  reduced  by  heating  it  in  retorts  with  dry  charcoaL 

Gi/psum..  If  one  end  of  a  glass  tube  be  closed  with  ^Tp«um-paBte, 
and  after  the  gypsum  has  dried  and  hardened,  the  tube  be  fifled  with  any 
gas,  its  o])en  end  plunged  under  mercury  and  its  closed  end  exposed 
either  to  the  air  or  i-a  aa  atmosphere  of  any  other  gas  contained  in  a 
receiver,  tho  inner  ga^  will  escape  and  tho  outer  eater  the  tube,  in  quan' 


h  are  inversely  as  the  sqtiare  roota  of  their  densities.  Thua 
neasurcs  of  hydrojijcn  wliicb  escape  from  the  inner  tube  are  replacwl 
y  1  measure  of  atmosfiiieric  air.  Now  putting  tW  density  of  air  =  I, 
ist  of  hytlrogen  is  0'0668;  the  square  roots  of  tliese  nambera  aro  1  and 
■2623;  and  0-2623  ;  1  =  1  :  3-87  nearly.  Diffusion  also  takas  placo 
tough  very  slowly  through  flciible  dolomito,  coal,  wood,  and  dry  cork. 
OrsJiftin,  'J^hil.  Mag.  J.  2,  175,  2«9  and  351 ;  abatr.  in  Fo<jg.  28,  331); 
Uo,  EleritenU  of  Vlitrnittry  1,  83.  ThouiBon'a  obeerratioDa  thereupon. 
Phil.  Mag.  J.  i,  321.) 

Caotttcftouc.  A  ehoet  of  caoutchouc  tied  over  the  opening  of  a  wide- 
loutbed  bottle  full  of  hydrogen  gas,  is  siion  pressed  inwards  even  to 
anting.  If  the  bottle  be  tilled  with  air  and  placed  in  an  atmoeplicro  of 
lydrogen,  the  swelling  and  bursting  take  pltwie  outwards.  A  well  closed 
lolllft  of  caoutchouc  perfettly  empty  does  not  distend  when  placed  in 
Kdrogen  gas:  but  if  it  contains  a  small  quantity  of  air  distcuslon  takes 
^H^  Almost  all  gases  excepting  nitrogen  exliibit  the  same  relations 
RRirds  common  air  as  hydrogen  does,  but  in  dificrent  degrees;  they  all 
xmctrate  caoutchouc  with  various  velocities  in  order  to  mix  with  air. 
n  order  to  measure  these  various  velocities,  a  sheet  of  caoutchouc  is  tied 
wer  the  shorter  funnel-shaped  arm  of  a  siplion-tubc,  mercury  is  poured 
nto  the  other  arm  which  is  made  yery  long,  so  that  a  portion  of  air  uiav 
semaiu  between  the  mercury  and  the  caoutchouc,  and  the  shorter  arns 
introduced  under  a  receiver  standing  over  the  mercurial  trough  and  tilled 
■with  the  gaa  to  be  examined.  The  gas  penetrates  the  cttoutchoae,  miica  with 
tbo  air  and  increases  its  volume  ;  consequently  the  mercury  in  tlie  longer 
inu  is  driveo  upwards,  sonietimen  to  the  height  of  63  inches,  and  might 
vcn  higher  if  the  caoutchouc  could  sustain  a  greater  pressure  without 
ng.  By  experimenting  in  this  manner  on  different  gases,  it  i«  found 
the  sune  voliimt*  of  ammoniacal  gas  obtains  access  to  the  air  in  1 
inato,  as  of  sulphuretted  hydrogen  in  2,^,  of  cyanogen  iuS^',  of  carbonic 
'd  in  Sy,  of  protoxide  of  nitrogen  in  G^,  of  ar&eniuretted  hydrogen  in 
Vt^',  of  defiant  gas  in  28',  of  hydrogen  in  37^',  of  oxygon  in  an  hour  and 
&9'i  and  of  oarbonio  oxide  in  2  hK.  40'  Caoutchouc  appears  from  this  to 
iboorb  gaees  with  different  degress  of  facility;  of  carbonic  acid  it  absorbB 
t«  own  volume  and  swells  up  in  consequence.  (Mitchell,  J.  Roij.  Imt, 
i,  10  J.) 

Animal  Mrmhran^^s.     A  moist  bladder  or  moistened  gold  bcatcra'-skin 

ictu  like  a  sheet  of  caoutchouc.    (Mitchell.)     A  moist  bladder  two-(birds 

iiled  with  coal-gaa  or  air,  swells  when  suspended  in  carbonic  acid  gas  and 

finally  buraU.     In  this  experiment  as  much  aa  40  per  cent,  of  carlwnio 

acid  s<iractinic«  niiies  with  the  coal-gas,  while  only  a  very  small  quantity 

of  the  latter  escapes  into  the  atnioBphcro  of  carbonic  acid.    Hence  the  water 

pf  the  moistened  bladiler  absorbs  carbonic  acid  ami  gives  it  up  again  on  the 

inner  «>de.     (Qr^iham.  Qit.  J.  of  Sc.  6,  S8;  also  .S'cAw.  bl,  227;  extr.  in 

Poyg.  17,  347.)     A  perfectly  dry  bladder  containing  air  does  not  distend 

in  ca-rbonic  acid  jl'S*:  a  blaJder  moderately  wetted  expands  to  a  greater 

extent  than  one  which  is  thoroughly  soaked;  for  the  thiuuer  tho  film  of 

water  which  ub.xorhu  the  gas,  the  sooner  will  the  gas  reach  tho  opposite 

enrface.     if  tlio  bladder  containing  air  bo  nioiatoned  with  alcohol  (which 

lliaorlM  carbonic  acid  more  readily  than  water  does)  it  will  expand  in  an 

ktmosphore  of  carbonic  acid  as  quickly  aa  if  it  were  moistened  by  water — 

iQt  not  mor'>  (>»:    ihu  alcohol   likewise  causea   it   to  shrivel  and  toon 

leetruy«  its  power  of  transmitting  gases.    Rubbing  the  bladder  with  oil  of 

laim  or  olive  uil  (neither  of  which  absorbs  carbouic  acid)  prevents  the 
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exxMUisiAn.     A   wet  bl&dder  containing  air  Pxpiuida  more   qairkljr   lnj 
mJphnretted  hjdrogcn  than  in  cnrtranic  acid:  after  being  distended  as  .' 
ag  possible  tn  the  U^-tneiitiuned  gas,  it  wilt  expand  stiH  further  if  pi 
in  jui  atinoapben  of  sulphurott^  bjdrogcn;  whereas,  if  ezpOMd  to  the  ajr 
it  will  rpgain  ite  Driglnal  site.     A  btaiddcr  coQt&iniug  air  also  expands     i 
when  immersiKl  in  wut«r  holding  carbonic  a«id  in  eoLntton,  but  not  sofl 
quickly  as  in  an  almoaphere  of  the  jras.     A   fish's  air-blaihlcr  expnnds^ 
under  the  aboro-mentioncd  circum^taaces  more  quickly  than  a  urinaiy 
bladder:  on  the  contrary,  this  property  is   not  exhibited  by  the  lining 
niembrano  of  a  fowl's  egg  or  by  curried  sliecpskin :  the  latter  allow*  ait 
and  carbonic  acid  to  pass  through  it  with  equal  facility.     (Banmgartncr, 
JMudurifl  Fk,  Math.  8,  9.)    Them  experiments  show  that  gnses  eannot 
bo  preserred  in  bladders  without  alteration.     If  a  piece  of  bladder  be  tied 
over  the  upper  and  widened  end  of  a  glaas  tube,  the  tube  then  filled  witk 
wat^r  and  its  lower  end  plunged  under  mercnry,  the  mercury  will  ria 
within  it  to  the  height  of  3  inchoe,  in  eonsoquonee  of  the  water  penetratincl 
the  bluddiT  and   escaping  into  the  air;    but  na  soon  sm  this  height  nrl 
Rttsiincl  the  pijrrs  of  the  bladder  allow  ftir  to  jtasa  ihroiigh  them  and  thtj 
farther  rise  of  tba   mpreury  is   preiyente<b     (Magnus,  Foffff,   10,   ISZ.M 
Aeoordiug  to  Fischer  {Poffff.  11,  130)  who  perhaps  miuje  n»c  of  a  stron| 
blKMldpr,  the  mercury  may  attain  the  beigbt  of  12  inches  or  even  morej 
it  iiltimntclr  roaches  to  the  bladder  itself,  the  whole  of  the  water  evap 
ratrni^  and  leaving  nothing  but  a  slimy  reaidue.     If  a  tube  sailed  at  t^jTl 
and  ttt«d  ovi»r  with  a  piece  of  bladder  at  the  bottom  bo  filled  with  watef 
and  nxpoiwd  to  the  ntr,  the  bla^bior  will  Ik  pre^^sed  inwards  in  conseqiiencl 
of  the  ovaporatloQ  of  the  water  and  air  will  enter,  not  however  iu  bulihlert 
bnl  dissolved  by  the  water;  the  air  thus  introduced  collects  at  tli'    '^^}^<- 
cnd  of  th«  lube  oil  tlie  gaseous  form,  and  finally  all  tlio  water  evaj-'TuKi 
md  tiio  tube  becomes  lillfttl  with  air.     (Ptecher.) 

2,    AdJiffion  of  fldtik ^fiuiih  to  sviiii^. 

1.  Wood  and  other  solid  bodies  inmiersed  in  water  or  other  liqnidt 
AppMr  covered  with  air- bubbles. 

2.  The  oluso  adhesion  of  a  thin  film  of  air  and  vaponr  of  water  to  tti 
«<urfjicos  of  glmss  tubes  is  the  cause  of  the  ditHculty  of  obtaining  Itarome 
tors  itnd  llicrnioiiieters  free  from  air.     This  thin  film  of  air  and  vapourtl 
oannut  bo  removed  by  the  air-pump,  but  only  by  boilin»  the  merctiry,  thei 
TUpnur  of  which,  as  it  escapes,  carries  the  air  and  aqueous  vapour  »lonp' I 
with  it.     That  unboiled  mercury  is  free  from  air  and  water,  and  theti&-«l 
fore  has  nothing  to  do  with  the  difficulty  in  question,  iw  shown  .inion^ 
other  priiofs  by  this;  that  when  mercury  in  boiled  in  a  narrow  baromcter- 
tnbo  having  a  large  bulb  at  one  end,  and  the  tulie  iiiverlcfl  in  a  bsLsin  of  j 
morcury  and  inclined,  then  if  the  ijuantity  of  boiled  mercury  be  not  6uf-#| 
ficiont  to  fill  the  bulb,  but  in  consequence  a  considerable  qnantitv  of  un-'] 
bojlcil  mercury  muet  enter  it,  the  barometer,  on  Ijcing  *ict  upriglit  again, i^ 
wiil  stand  at  the  same  height  a«  before.     (Bellani,  liruyn.  Cwni.  10,  20.)  1 

3.  This  power   possessed  by  solid  bodies  of  fixing  elastic  fluids  on  ij 
their  pufiices,  is  much  increneed  when  the  extent  of  eurface  is  enlarged  by, 
pulverizing.     All  pulverised  bodiea  arc  more  or  less  hygroBcopic,  i.e., 
they  becorao  covered,    on  exposure  to  the  air  even  though  it  may  bo 
very  dry,  with  a  film  of  condensed  vnpour  of  water,  and  also  of  cot*'". 
detinril  air,  by  which  their  weight  may  bn  increiiatnl  sonio  3  or  4  per  cent.»(| 
Many  budic«  eeem  to  possess  the  property  of  condensing  the  oiTgeu  ojtj 
th«  Mr  on  their  surfaces  in  prcferenco  to  tho  other  gases  oontAine^  in  it. 
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9.     Adhtsion  hfitefrn  ?i^7Mi</*. 

1,  Tli«  fipreadmg  of  water  over  tlie  surface  of  morcury  Boe/iOB  to  arise 
cbtcfly  from  thia  cause. 

2,  Wbeu  one  liquid  is  very  intftnately  miicd  with  anotlier,  both  being 
IKTfcctJjr  trausparcat  wlien  separate,  a  turbid  and  often  milky  flniJ,  called 
an  Emuision^  is  producedj  out  of  whicli  llif  two  bodies  aepanite  slowly  in 
obvtliencc  to  tlieir  different  specific  gravities; — e.  ff.,  distilled  water  over- 
cKar^eJ  witli  a  volatile  oil. 

4.    A  dkenion  bfttftep  Uquidt  and  soltdt, 

1.  If  a  plate  of  any  eolid  body  be  placed  in  contact  witli  llie  surfaoB 
of  a  lii^oid,  a  oertiiiu  Icirco,  dntermiuablo  by  woigbt,  is  reqturcii  to  8ep»* 
rate  tlioin.  Experiment*  of  this  kind  arc  dcaurihod  by  Guytun  Morvcan, 
\a  fht' Sw.'^chpcdie  Mi'thodique,  Paris,  178(i.  (Au  inatauco  of  llie  com- 
bined actiun  of  cobe^ion  and  adbeeion  is  atfordod  by  the  liolding  tojretUor 
of  iw-ii  ri.ss  plates  having  a  film  of  water  or  oil  between  tUf-m.)  Li- 
H»i!  (bemaelvea  to  aolid  liodios,  even  in  oppouition  to  their  own 

w«-.p,-- i:ijhe«ioii,  and  rise  aloOf;  their  aurfjicoe,  r.^.,  the  con  care  mr- 

tw*  of  water  in  glass  Teeeols;  writing;  painting;  tbo  riso  of  liquid«  iii 

<a['illary  tubes*  bIotting-p»per;  the  rope-pump.     Tlio  heiglit  to  which 

CLe  ti<|ii)d  rises  for  a  given  dij^tauce  between  tbe  walls  of  the  solid  body 

ulTords  a  in^^afiurc  of  the  force  of  adhesion.     Kartlien  vesaels  filled  %vitli 

i»«tiT  botdiag  carbonate  of  soda  in  solution  and  charged  under  strong 

■  with  carbonic  acid  givs,  exhibit  the  following  pbonomeua  accord- 

(10  degree  in  which  Ihey   have  been  (ireJ: — (a.)  Well,  hut  not 

tn.iigijly  burnt. — The  water  holding  tho  carbonate  of  soda  in  solution 

iy  the  proseuro  of  the  carbonic  iwid  gas  gradually  and  completely 

en  thr<iUL.'h  the  pores  of  the  vesBel ;  on  o[>eQing  the  vessel  after  it  hoB 

ime  thoroughly  dry,  the  gas  escapes  with  violence.     Hence  water 

more  cx<iily  through   very  narrow  porea  tiian  carbonic  aeid  gas, 

the  atoms  of  the  latter  are  surrounded  with  epheree  of  heat. 

L)  From   vosselit  still  le«s  burnt  th«  gju  escapes  while  the  whole  or 

greater  part  of  the  liauid  remains  behind :  for  when  the  pores  aro 

iciently  large,  the  gas,  being  the  more  moveable  body,  escapes  more 

[nickly  f  ban   the  water,     (c)  If  the  vessel  lias  been    but  very  slightly 

'  ©d,  the  gas  and  li«]uid  eseitpo  together,  the  latter  in  the  form  of  fine 

in  or  miht,  slb  long  as  tlio  pressure  nf  the  gas  is  sutticicnt  to  force  it 

|ttt.  (Jnfl'rer,  I'M,  Maff.  J,  IC,  10.)     Cracks  prodwcod  in  the  sealed  end 

f  a  glass  tulio  by  heating  and  then  wetting  it  with  water,  may  ho  of  four 

•grees  of  dueness.     («.)  Thowideut  allow  water  to  escape  when  the  twbo 

cxpuMxl  to  the  air.     (6.)  Those  somewhat  narrower  only  when  im- 

iiorscfl  in  water,     (c-.)  Still  narrower  cracks  are  pervious  only  when  the 

i<inidfl  within  and  without  the  tube  are  of  different  chemical  nature  and 

iiji])usoct  tu  combine;  no  rising  of  the  liquid  takes  plaee  as  in  endoemose; 

o  ovafKjnitiou  of  wator  takes  place  on  exposing  the  crack  to  the  air. 

cL)  Cracks  of  yet  greater  fineness  are  permeable  only  under  the  follow- 

galra/iie  conditions:  the  tal>e  contains  a  solution  of  nitrate  of  silver 

lUt  a  platinum  wire  immersed  in  it,  the  outer  vessel  containing  water 

:hh  &  sine  wire ;  the  zinc  and  platinum  nro  in  metallic  contact;  under 

oircum»>lanpcs  a  portion  "f  Hilvcr  is  depoiaited  on  the  plalinnm  wire, 

lii  the  ronrxo  of  ^4  lionrs,  and  the  water  i«  found  to  contain  a  very  small 

ijiiunlitv  "f  nitrate  of  tine.     {N,  Flsclier,  J'o^</,  1 1,  132.) 

0.  When  ft  eolid  body  in  a  state  of  minute  dirisiou  is  diffoaed  through 
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a  lititiid  by  any  inediatiicAl  or  chemical  {am^,  It  beoomee  mtpendtd  in 

consequence  of  its  adhesion  to  (be  liquid,  atid  often  ecparates  but  very 
slowly.  The  eeparntion  of  tlie  suspended  body — (a)  by  leaving  the  whol«^ 
to  rfand,  and  tUen  pouring  ofl'  the  liquid  from  the  scdiiriGnt  at  the 
toiii,  or  drawing  it  off  with  a  siijUcni,  is  the  process  of  Subtidation 
DecaiiUition  ;  (h)  by  combining  it  with  a  third  bodv  so  as  to  form  larger 
and  Dunsu^pendible  masses,  that  of  Clarijtcalioji;  {c)  by  pouring  thclJcjuid 
through  a.  finely  poroas  aiihstance,  which  perhaps  acts  by  adhesiou  on  " 
suspended  bojJv,  that  o{  Stmining  or  Filfnttion, 

4,  Etido^tnose.  When  two  liquids  capable  of  mixing  are  eepAra 
by  a  porous  diaphmgm,  widi  of  them  permeates  the  diaphrapm  in  or 
to  mix  with  the  other.  This  exchange,  however,  always  takes  place  ml 
unequal  proportions,  so  that  the  volume  of  the  one  liquid  increases  whilt? 
that  of  the  other  diraiuishesj  but  some  portion  of  the  latter  always 
over  to  niJK  with  the  former.  The  stronirer  current  is  called  by  Duitro 
chet,  Sndotmoti,  the  weaker,  Exosmoit;  the  increasing  liquid,  therefor 
is  oaid  to  exhibit  eiidoamose,  that  is  to  say,  the  other  liquid  goes  into  it 
This  unequal  jienetratiou  is  mainly  attrihutalilo  to  the  different  degr 
of  adhesiou  exerted  by  the  diaphrag^iii  on  the  two  liquids  ;  that  which  oli 
account  of  stronger  adhesion,  enters  the  diaphracni  with  j,'reatcr  faciliti 
will  sooner  reach  the  opposite  ?urfiu.*o  and  there  ho  taken  np  by  the  othe 
liquid.  Diftcreuce  of  viscosity  may  also  have  something  to  do  with  th 
eflect.  Ei]>erimcnl8  on  this  subject  are  usually  inado  by  placing  a  gL 
tube  or  inverted  filter  closed  at  the  hnttom  by  a  diaphragm  aud  611 
with  one  of  tho  liquids,  in  a  vessel  which  contains  the  other,  both  liquid 
being  made  to  stand  at  the  sinio  height,  The  level  then  rises  either 
the  inner  or  the  ontor  vessel,  according  to  the  nature  of  the  liquid  ;  if  tL 
two  currents  are  of  the  same  strength,  the  level  rcniains  unaltered 
although  the  fluids  become  nniformly  mixed.  The  observations  niad^ 
upon  thi»  phenumenoti,  arranged  according  to  the  nature  of  the  diaphr 
are  as  follows: — > 

a.  Baked  eaiihmieare,     Endosmoso  proceeds  front  water  to  solutioi 
of  sulphurous  acid  of  1*02  sp.  gr.  to  dilute  sulphuric  acid  of  1*054  up,  gr4 
and  to  sulphuretted  hydrogen  water:  on  the  contrary  it  proceeds  at  al 
degree;3  of  tenjpcrature  aud  cuncentratioa  from  oxalic  and  tartaric  acidi 
to  water.     {Dutrochet.) 

6.  Caoutcftouc.     Through  any  material  covered  with  caoutchouc  en 
dosmoae  proceeds  from  alcohol   to  water,    first  slowly,    but  afterwa 
quickly,  when  the  caoutchouc  hii«  been  acted  upon  by  tho  alcohol;  at  thj 
same  time  the  alcohol  becomes  more  and  more  dilute  by  the  action  of  bx 
opposite  stream  of  water.  (Dutrochot.)     A  caoutchouc  bottle  filled  willi 
ether  gradually  empties  itself  in  alcohol  or  water,  if  filled  with  alcolio| 
it  dit<teads  in  ether  but  empties  itself  in  waiter:  if  filled  with  water 
distends  when  placed  cither  in  alcohol  or  in  ether,     Houco  caoutchouc  ii^ 
most  pervious  to  ether  then  to  alcohol,  and  lastly  to  water,     (Mitchell,  i/J 
Jioij.  Inst.  %  112,  and  317.) 

Bladder.  Endosmose  proceeds  at  10°  C.  from  wat«r  to  dilute  sulJ 
phuric  acid  of  1  093  ep.  gr, :  but  in  the  contrary  direction  with  sulpliuriJ 
acid  of  1'(J<j4  sp.  gr.  It  also  proceeds  from  eoiution  of  sulphnrous  acii] 
of  102  sp.  gr.  to  Avater;  both  theae  acids,  however,  anon  destroy  th 
blaflder,  and  then  tlie  two  liquids  reassumc  the  same  level,  (Dutrochetl 
Solution  of  aul|diiiretted  hydrogen  //ocs  over  to  water  according  to  Dutrif 
chet;  but  according  to  Mitrhell  the  exchange  takes  place  without  atterl 
tioa  of  volume.     At  10°  C.  hydrochloric  acid  of  I'OIT  sp.  gr.  lemaul 
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a  equlliLritiin  with  water;  if  the  acid  is  stroirger,  t,(j.   1-02,  tho  water 

oas  over  to  it;  if  weaker,  f . y,  1015,  It  goes  to  the  water;  at  22-=  C,  it 

IMt  bo  diluted  to  1-002  sp.  gr.  iu  order  that  endosmose  may  be  directed 

ron  it  to  water.    fDutrochet.)     At   10°  C.  nitric  acM  of  1'09  sp,  gr. 

ratains  at  the  same  level  a*  wn.t«r;  if  the  sp.  gr.  be  112  or  hijrhcr<  tho 

r»ter  goes  to  the  acid ;  at  1  '08  sp.  gr.  and  under,  the  acid  goes  to  tho 

rikier.  (Dutrtichet,)     Solution  of  axalie  acid  goes  over  to  water  r(.  all 

•graes  of  temperature  and  concent rati<m;  the  more  it  is  coBcentrated  the 

Uit«r  it  ttBTels:  on  the  contrary,  it  liltei^  through  tho  bladder  much  more 

lowly  than  pure  water  (the  slowness  increasing  with  the  concentration) 

f  the  lower  surface  of  the  bladder  be  placed  in  contact  with  a  solution  of 

be  same  strength  as  that  whose  rate  of  filtration  is  to  be  determined. 

'hia  seems  at  variance  with  the  supposition  that  cndosmose  is  due  to  dif- 

►renc*  of  adheeive  power.     A  solution  of  11  parts  of  tartaric  acid  in  100 

F  water  (sp,  gr.  ]05)  remains  in  equilibrio  with  pure  water  at  25"  C; 

ith  %  stronger  aolution  tho  principal  current  is  directed  from  the  water 

>  the  acid;  with  a  weaker,  froTu  the  acid  to  the  water.     At  15"  C.  equi- 

Imam  takes  place  with  a  solution  of  21  parta  of  tartaric  acid  in  100  of 

•ater  (sp.  gr.  M);  and  at  8*  with  30  of  acid  to  100  water  (sp.  gr.  l'l,-3); 

ud  at  ->r  0-2.5'*W!th  40  acid  to  100  water  (sp.  gr.  1-21).     It  appears, 

yarfbre,  that  the  tendency  of  the  acid  to  go  over  to  the  water  increasea 

^JbtaiBperatuTe  13  lowered.     A  solution  of  11   part«  of  citric  acid  in 

V|i»rtB  of  water  (sp,  gr.  I  03)  cquilibnites  with  water  just  like  a  aolu- 

kn  of  tartaric  acid.   (Datrochet.)     Endo.5uiose  proceeds  from  water  t*) 

nlationd  of  saltpetre  and  common  salt.     A  aolution  of  common  «iU  of 

VVi  »p.  gr.  rises  in  water  twice  as  high  in  the  same  time  as  a  solution  of 

I'OC  pp.  gr.     A  Bolntion  of  common  aalt  of  l'08.j  sp.  gr.  goes  over  to  a 

Wlotion  of  Glauber's  salt  of  the  same  den.sity.  (l)utrochet.)     Ewdosniose 

proceeds  from  water  to  solutions  of  common  salt,  chloride  of  calcium, 

^iitosulphate  of  iron  and  sulphate  of  copper,     The  alteration  of  level 

puea  when  the  liquids  in  both,  vessels  become  of  the  same  strength. 

^ith  common  »alt  tlie  rising  of  the  liquid  is  much  less  rapid  than  with 

6  more  eoluble  chloride  of  calcitini.     If  the  experiment  be  made  with 

■0  BoJationa  of    the  eamc  salt  of  different  degrees   of  concentration, 

ilo0inoe«  always  proceeds  from  the  weaker  to  the  stronger.     So  like- 

86  from  tho  solutiou  of  a  less  soluble  salt,  such  as  suiphatc  of  potnsh,  to 

ntunvted  solutiou  of  a  more  soluble  salt  such  as  acetate  of  potash, 

Fagnue,  Pogfj.   10,  ICO.)     Eudostnose  proceeds  from  water  to  solutions 

fall  kinds  of  salt*,  increasing  in  force  with  the  strength  of  the  aohition; 

[is  Btrong«!it  with  chloride  of  copper;  then  follow  green  and  blue  vitriol; 

ften  coniiuun  salt  and  sal-ammoniac;  it  is  weak  with  chloride  of  iron  and 

ilidiocyanide  of  potassium:  with  protoohlorido  of  tin,  nitrate  of  silver, 

111  clilorido  of  gold,  which  are  decomposed  by  the  bla<lder,  no  endosmose 

oUBervable.  (N.  Fischer,  Vofftj.  1 1,  12Q,)     If  the  outer  vessel  contains 

solution  of  sulphate  of  copper,  tho  inner  one  water  having  a  piece  of 

n  in  it,  ondosmoao  is  directed  to  the  water  provided  the  iron  touches 

e  bladder,  while  copper  is  deposited  on  the  outer  fsnrfaco  of  the  bliwlder, 

d  jM;id  and  oxygen  carried  over  to  the  iron  by  galvanic  action.  (Fischer, 

ih.  72,  rt05,  MagiiuH.)     Zinc  causes  the  water  to  rise  as  well  a^  iron, 

t  more  slowly;  if  the'  iron  docs  not  touch  the  bladder  the  water  einks. 

ach.  .VcAtw.  38,  20.) 

"  A  bladder  tied  over  a  glass  filled  with  alcohol,  swells  up  under  water 

I  «nch  an  extent,  that  wlicn  the  bUilder  is  pricked  with  a  needle,  the 

k>ohoI  epirts  out  iu  a  long  stream.  (Parrot,  Voij*},  10,  ICS.)     In  this 


.  m  VtAa  aIosImI  kka  fMstt  toto  (lie  wmter.  (Maftius.)     U  fol 
bol  anid  water  ezJiibU  ooDlrary  actiuna  townnU 
BOMK  akoliol  adlierai  more  sLrongly  to  caout* 
4m;  water  ooataiiinif  valiili matted  hjdiogen  ptne- 
rtm  man  qaieidy  than  pore  wmter.  (Mitcbell.)— -For     i 
hj  SSameriit^  tw  AlaAof. — ^Water  passes  to  ether  ■ 
Ib  tkm  mmm  aaBaer  as  to  alootiaL  (Datroefa«t)     Endoemose  is  directetl  V 
hmt  ««*H  ti  wlatiBM  ot  givt,  gmm,  engar,  and  whit«  of  egg;  and  whea 
thlM  Bq«ya  l«^  tibe  aiM  deaintj,  1*07,  tW  riae  of  tJie  liijutd  is  men- 
MmA  ia  tka  aui  ol  gliw  by^  8,  itf  gam  hy  5,  of  nigar  by  1 1,  and  of  white 
tt^fhj  tl:  tKe  Vad  exhibits,  uerefore.  the  stroDg««t  endovmoec.     A      \ 
mittmm  *d  l  )«rt  of  gum  ID  16  of  wnter  passes  ov«r  to  a  solDtion  of  1 
fHl  «f  M^iyar  ia  16  ereTea  32  of  water,  althougli  the  former  solati<^n  \« 
WmA  MttM  viMooa  tiraa  the  tatter.     If  1  part  of  oxalic  acid  is  mixed 
witfi  tha  tfthtiitw  wiVU  ni^ar  in  18  of  water,  the  endosmose  b  frotu  the 
■MU  ariMMB  to  tbe  |MR«  water;  when  3  jArtB  of  engar  and  1  of  oxslic 
aa4  art  fym\  rti J  ia  19  of  water  the  Boliition  remains  io  ei]uilihrlum  whli 
|aua  waftav,  furtiiai  of  sQ^ai  and  oxalic  acid  passing  however  iuto  the 
wwitr.     A  aolatloa  of  aagar  rises  8  times  as  high  with  solution  of  oxahc 
atli  m  villi  Mia  water  in  the  eatut  time;  it  aote  in  the:  eamo  raannff 
toaaids  tffmtttat  of  tartaric  and  citric  acidi?.  (Dutrocbct.) 

sL  cftaB  iifAe  Attimm  r^rmm  {lffi)>  Endoonose  trcm  water  to  siil- 
ftiHiaaaU  of  I'OtTi  sj*.  gr.  Io  aolotiou  of  milphnretted  hydrogen,  oxalie 
wM  bmA  tarterie  acid  of  varioas  d^n^cea  of  conoentration  atid  at  variona 
IWBNilBai;  in  tha  eoatnir  direction,  tfaorcfore,  to  that  with  ijimhler. 
(Mnab^  ^mi.  Ck  Hft,  95,  S93;  S7,  l&\ ;  40,  411 ;  51,  Ki»;  cxtr.  in 
1^9.  XWJ  It,  ei7;  88,  8511;  also  Ann.  Chim.  I'h.  60,  33L) 

i.  AdktiioH  bUtmn  Solid*, 
1.  ffaia  4hI  adbaiw  to  Tertloa!  and  iav^rted  horliontal  enrfaoos, 
t.  Two    hatatuaoBBoaa   bodioa   with   Terr   finely  potisbed   Burfnc* 
adBMta  toMtktr  widi  a  M<rtaln  force.     Cemp.  rrochtl.  (Poffij,  1 5>  223 
9,  Two  load  nf  adhosion  ie  most  powerfully  nmnifestad  when  Di 
itebodiMio  Artt  broiiAhi  to  the  liqtiiil  state  (by  which  it  n^qnirea 
fVW0t  of  adapttag  itself  pwfMly  to  the  fiiirrai^  of  tho  other),  and  nfl 
«m4«  soKdiflml.     This  ta  tht  principle  of  g^lueing,  pasting,  soldering,  e 
Hii^l'  of  wiinvr*,  lhi>  uao  of  morUirs,  oomoats,  &e. 
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nonytnpg:  CJi^mical  Attraction,  t'fi-emical  Foiw,  Eletiive  Attracttot 
KUi-livr  A^niii/,  Vhemiickt  Kt-af},  f'ern.'anJfscfiu/t,  Wohh'crmindfscftaJ 
Wfu/ilaiizit/iurr/,  Ajfiniftis,  Attraclia  Ekctivu,  AJitiite, 

Bitiorif.     Chemital  combination  wa?  in  early  times  attributed  to  tlie 

neral  principle  of  HipjMjfnttes  that  like  assorts  witli  like:  bonce  tlio 

ri)5f<i  Affinity  ( VcrwandUchaft)  wliicL  seems  to  bu.ve  Wen  first  employed 

Bftrcliliusen.      BeeLur  assuiiii'd,  in  accordnnce  with  tiiia  dogma,  tbat 

(t-n  two  bodie.4  are  «ipabl(i  of  coiubining  they  muat  contain  a  connnon 

rinfiple.     OtUeis,  nnionj,'  whom  was  Lcmery,  supposed  that  Holveiits  are 

^niisIiLMl  with  a  number  of  abarppoiuts  by  nieans  of  which  they  are  mora 

le(i«  tulapted  to  insinuate  themaelvea  into  tho  pores  of  solid  hodioa  and 

with  them.     According  to  Stahl's  theory,  chetuical  comblnatkm 

from  the  intimate  approximation  of  the  parts  of  tbe  combining 

bnt  not  exactly  in  the  maimer  of  a  wod^e.     Newton  waa  the  first 

rr-ferred  chemical  cfunbination  to  the  principle  of  unlvcrBjil  attraction, 

bou^b  heat  the  same  tinio  partly  uiji^umod  that  tbtii  al  traction  between 

Jtimatc  particles  ia  not  exactly  the  same  as  that  which  acts  between  tho 

pat  bodies  of  the  universe.     Geoffroy  the  elder,  in  171*^,  drew  up  the 

Table  of  Affinity,  which  was  eubse4uently  enlarju;ed  and  corrected  by 

lellort,  Wenjtel,  Bcr^nan  and  Guytou-Morvcaii.     The  idea  that  many 

huniical  conibinationa  take  place  indefinite  proporltonH  only  had  occurred 

■  some  of  the  older  chcmieta,  t.fj.,  Wenzel,  Bergman,  Kirwan;  and  they 

hndoaTwired  to  determine  these  proportions.     Tbia  view  was  confirmed 

by  Iticbtcr,  Proaat,  Gav-Ltissac,  Dalton  and    Beizcliiiii,   and  exjianJed 

tutu  the  Tlieorjf  of  Defifiile  Proportions  or  Stoic/tiometry. 

I.  Pi'jfDAMENTAti  Notion  of  Apri-viTY. 
Affinity  is  that  kind  of  attraction  by  virtue  ofwbieh  bodies  of  dis- 
limilar  nature  combine  together  into  a  whole  which  appears  perfectly 
|mifi>rm  t«t  tbn  sonwm,  even  when  aasi^ted  by  the  niont  j>owerful  instru- 
)t*.     The  art  of  nuion  is  called  Cfiemical  Voml/inaivm*,  tho  resulting 
luct  u  Chemical  Comvpviid,  and  if  it  be  fluid,  a  SottUion.     The  di»- 

•  TUr  t»nii  C'nnttnntiftti  U  tomrtimps  also  BpplW  to  thr  rcsiiltinif  proilact.  the 
'rtpunding  Gtrniiui  wonl  Vtftundunij  IB  uiiijlicd  iii(lii.crii.uiii<itcly  to  thv  act  uf  cow- 
ttioii  und  to  the  (iroduct.     [W.] 
vol..   I.  tf 
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BimiUr  Babstancea  coDtained  in  tie  coniponnd  are  its  Ctrnpon^uft 

£lrmrni$;  and  of  these  if  one  be  fluid  and  tbe  otber  solid,  the  r<irin<^r  is 
called  tlie  Soleenl  or  Jiftrn^niutH,  the  latter  the  Dissolved  i.«/y  or  Sohitum. 
Tbo  spbcre  of  actiou  of  ••liemical  affinity  liaa  by  souic  ciiemists  liceti 
too  niucb  enlarged,  by  otbers  too  much  coninicled.  Aa  instaoco  of  tbo 
foiiiiGr  of  these  errors  lias  ulreudy  been  given  in  speaking  of  tlie  mixture 
of  go^es  (pa^  21).  Tbo  fullowiiig  vjt^ws  on  tbe  contrary  appear  to 
restrict  tbe  idea  of  a  chemieul  coiiTpuiind  tietween  too  narrow  limits. 

1,  Ma.ny  conibinatiuuij  of  liquitU  with  guui/s  in  which  (be  latter  loM 
their  gaseous  coziditioti  are  by  Daltou  aad  others  reg&rded  as  Diechanicil 
(vid.  IVfUet-). 

2,  All  luixturea  of  liqiilde  one  with  another,  ajid  all  aolutlutis  of  salida 
in  liquids,  are  by  Bcrzeliujg,  Mitscbcrlich,  Duma?,  and  others  of  the  most 
dlatla^uisbed  modern  cbcniiats,  regarded  aa  not  chemical,  unless  they  tnke 
plact!  IB  definite  proportionA;  e  ,9,,  mixtures  of  water  and  alcohol^  alcohol 
and  volatile  oil;  solutions  of  aeitlf,  alkalies  and  salts  in  water, alcohol,  itc. 
Mitacherlich  attributes  such  combiuatiooa  to  adhesion,  Bericlius  lo  a 
modification  of  affi.nity, — while, according  to  hit^  view,  chemical  comhi&a- 
nations  properly  so  called  result  not  from  affinity  but  from  electrical 
attraction.  Dumas  aacribes  them  to  a  solvfnt  power  which  he  suppoece  to 
hold  a  middle  place  between  cohesion  and  affinity:  inasmueh  se  titt 
former  causes  the  union  of  bodies  of  tbo  same  nature,  the  latter  that 
bodies  of  very  opposite  natures,  producing  couiponnds  possessed  of  new  ftod 

teculiar  propertiei^;  whilo  the  solveut  power  causes  the  combinatioD  of^i 
odiea  of  very  similar  nature,  aa  of  metals  with  melala,  acids,  alkalies  and 
fialta  with  water,  resiu  and  fat  with  alcohol,  &c.     Those  views  lead  to  iia 
aattsfactory  definition  of  Affinity  (for  objecttuns  to  them,  vid.  Gthler't 
Fhys.   Wiirtifbttch.     Ausg.  2,  D,  1862).     They  are  nevertheless  true  in 
this  reapeot  that  a  distinction  must  be  made  between  strong  and  we<ik 
affinities,  Iho  former  prwluciiig  compounds  of  dofiaitB  conatitutioo  and 
characterised  by  dietiuct  and  remarkable  properties,  while  the  latter  gives 
rise  to  products  of  less  definite  composition  and  differing  less  in   thoif 
properties  from   the  bodias  of  which  they  are  formed:  on  this  groi 
Berthollet,  in   an  earlier  state  of  the  science,  distinguished  the   n 
intimate  combiuatiutia  aa  Compontids (Comhinaitcrns)  and  the  less  intiniat 
OB  Solutions  (Dusohtwus),  though  the  two  classes  merge  into  one  auothei 
by  iinperceptiblo  gradatjona  and  admit  of  no  determinate  separation. 
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II.  Bamge  of  Affinity. 

Every  simple,  i.e.,  hitherto  un<lecomposed  body,  is  capable  of  entcrini, 
into  chemical  combination  with  others,  bat  generally  speaking  not  witB 
all.     It  is  possible  that  every  simple  substance  may  have  affinity  for  everj 
other;   but   many  compounds   of  these  substancra  may  not  have  beer 
obtained  hitherto,  because  the  componeota  have  not  been  placed  under  the 
particular  conditions  in  which  their  affinity  can  exert  itself;  others  it  may 
be  impossible  to  form  because  the  affinity  between  their  comrioncnts  la 
ovejoome  by  the  force  of  gravitation,  cohesion,  or  elasticity.     For  exam^ 
pie,  ihe  fact  of  carbon  not  combining   with  mercury  may  perhaps  bt 
explained  partly  by  the  great  cohesion  of  carbon,  the  tendency  of  iti 
pjkrtioles  to  remain  combined  amongst  themselves  beinjc  possibly  greater 
than  their  inclination  to  unite  with  those  of  mercury;  partly  from  tl 
greater  specific  gravity  of  mercary,  by  which  that  Rubstanco  is  prevent* 
&om  diffosing  jtaelf  through  eo  comparatively  light  a  body  as  carboiJ 
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So  likewiae  Iho  ftlaaticity  of  aitrog(>n  may  preTent  that  enbatancc  from 

oonibinittg  with  metals,  itia^iuuch  hs  hj  entcHng  into  etich  combiniLtioQ,  U 
voul«i  loii&  its  easeoua  font].  If  a  gas  bo  regarded  nn  :i  conipountl  of  a 
p«raderab]e  botly  with  beat,  tbe  explanation  just  givea  ■will  ^unount  to 
thifl, — that  oitrogen  is  preTcnteil  fmm  combining  with  met*ls  in  con- 
Mijueoce  of  its  greEtcr  affinity  for  heat. 

Com|Htunds  resulting  from  the    union  of  two  simple  snbatanccs  or 

Ccmpouncls  (\fthe  Firtt  Order.,  to  which  belong  the  inorganic  uclds,  baaes, 

^  Rifttallic  clitorides,  &o.,  are  themselvee  for  the  moat  part  capable  of  oom- 

H  billing — sometimes  though  rarely — with  simple  mibstfinces,  hot  much  more 

P  fre<jtieutly  with  other  coBipounda  of  the  same  order.     In  this  manner  are 

formed  Vompounds  of  the  Secatid  Order,  the  most  important  uf  which  are 

tbe  simple  saits.    These  contpoundg  aguin  are  capable  of  uniting  both  with 

6*ch  other  and  with  compounds  of  the  first  order,  thua  forming  conipoonds 

iof  the  higher  orders:  and  so  on.  But  the  more  c&mplii?ated  the  eonstitn- 
tioT)  of  any  euL-h  substance  may  be,  the  more  nearly  will  the  combining 
teadeocicM  of  ita  elements  he  satisfied,  and  the  less  therefore  will  be  the 
laolinatioD  of  those  elements  to  enter  into  further  combinations.  In  this 
manner  chemistry  reaches  its  limit.  In  compounds  of  the  second  order,  a 
dtttlinction  may  he  made  between  Proximate  and  VHimaU  elimentt 
(iPrnteipMt  proxima  €t  yfr>if>ta) ;  in  those  of  the  third  order,  between 
xVttetMitftf  elemefita  of  tht  first  order,  I'roxijnaU  demerifs  of  the  second 
ardtr  Mid  Ultimate  elemmiK.  Thus  in  sulphate  of  potash,  eulphuric  acid 
WB/i  potash  are  the  proximate  elements;  and  since  sulphuric  acid  cousiata 
of  talphur  and  oxyijeti,  potn«h  of  potasgiiim  and  oiygeti,  wo  Bay  that 
^^  oXffea,  culphur  and  potapsium  arc  tbe  ultimate  elementB.  Since  com- 
Bjwandif  generally  exhibit  aliinitics  diflcrent  from  those  of  their  eompouontf, 
Hit  foUovra  that  the  aftinities  of  the  cumpnaenta  in  their  character  of  primi- 
^B^TA  or  elementary  Eubatanees  will  sometimes  difler  from  the  rcsniting 
^■■iimty  of  the  compound.  The  older  chemists  distingnished  such  casea  by 
ptrlicular  names.  Thus  if  there  be  a  substance  A  with  which  another 
stance  B  ia  capable  of  uniting,  while  a  third  substance  C  is  not  capable 
ifaelf  of  entering  into  such  combination  but  becomes  so  by  uniting 
B,  the  affinity  thua  manifested  was  called  Mediating  Aj^nity  {ver^ 
'»«/<•  Vmrandt^ckafi,  A^^niiai  approxivians,  (ippropriala  *,  adjvta.) 
instance,  alumina  (C)  by  combining^  with  sulphuric  ucid  (B)  becomea 
bte  in  wat«r  (A).  If  neither  B  nor  C  can  combine  with  A,  but  the 
biuattoa  BC  can  form  such  a  union,  tbe  affinity  is  called  Produced  or 
loped  A^iiily,  {fncitgte  Venvandtsckaftj  Affiidius  producta).  Thus 
ther  carbon  nor  nitrogen  can  combine  with  mercury;  but  their  coni- 
nd,  cyanogen,  has  a  powerful  affinity  for  it.  An  example  of  tho 
lility  of  four  liquids  to  combine  is  affordedby  tbe  Ho-called/oMreif'meBrt 
.rciirj',  solution  of  carbonate  of  potash,  dtlntc  alcohol  and  roek-oil). 

Ill,  Formation  op  CoEMic^t  Compodnob. 

Tko  e»»  in  which  2  or  more  bodies  combine  without  caiising  tho 
itmction  of  any  preTiously  existing  chemical  componnd  waa  flftUed  ly 
f  older  ehcjisfstij  Acuity  nf  covtposition  or  of  mixture,  ttatimmmtltgnm 

•  vemiischcnde  A^niiHe,  Afinitat  compogitioiiii  ».  mijutimtia. 

I.  Coinlitionit  wider  whick  Chemical  Co7nhiiiatton  takes  place. 

A.  The  allinity  of  the  combining  bodtos  must  \w  Bufficient  to  or6t-_ 
e  all  opposing  forces,  siich  aa  gravitation,  cohesion,  and  olaatiriVj. 
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B.  The  8uli8tAO<W8  mast  be  broogbt  into  immeiliate  eontAet,  for  affinity  j 
does  not  act  at  sensible  distances.  I 

C.  Generally  speaking,  on©  at  least  of  tlie  combining  bwliea  muet  be 
either  in  the  liquid  or  gJMCous  state,  and  if  it  be  not  so  at  ordinary  tem- 
peratures it  must  be  brou^bt  into  that  state  bv  elevation  of  temperature. 

Hence  the  old  rule:  Vi>rpora  non  a^fitni  niiijiitida  from  the  crroneons 
fiuppusition  that  the  fluid  or  nwnstruum  was  the  only  iictivc  boJj,  and 
the  solid  ur  tohtiulum  a  resistance  to  be  overcora^.  Solid  bodies  either 
do  not  combine  at  all,  or  their  combination  is  attended  with  great  tliffi-, 
cultv,  because  from  the  immobility  of  their  particles  their  pointiof  imiiiO' 
diato  contact  are  but  few,  and  the  cxccediuj^ly  thin  liliti  of  coiHj>oun«l 
which  may  be  formed  at  snch  points  acta  us  n  purtitinn  to  prevent  further 
contact  and  coasefjueiilly  further  combination.  But  Ivy  coutlnncd  rubbingg 
whieli  renews  the  points  of  contact,  moro  complete  combination  may  uftea| 
be  effected :  in  this  manner  finely  diridcd  copper  may  be  made  lu  com- 
bine with  sulphur,  the  combination  being  even  attomled  with  ri*c  of 
temperature.  If,  on  the  other  hand,  the  compound  formed  by  the  twoj 
soliiU  is  itself  fluid,  ita  niobilltv  givea  rise  to  continually  reneweii  eont 
and  combitiation  goea  on,  I'hus  ico  under  0^  unites  with  chloride  ol 
8odium  and  other  salts,  and  solid  amalgam  of  lead  with  solid  amiitg'am  of 
bismuth,  Cryataliiicd  oxalic  acid  and  lime  may  be  made  to  combiQQ 
by  rubbing  them  together,  because  the  acid  contains  more  water  of  cry* 
tallizatiun  than  the  oxalate  of  lime  jjrodueed  is  able  to  lake  ap:  lien<!e  i 
tUo  beginning  of  the  action  a  little  water  id  set  free  and  dissolves  tb 
oxalic  acid,  itc,  &'c.  lu  Botne  cii^e.'s  it  is  sudicient  to  heat  one  of  thfl 
solid  bodies  till  it  softens:  thus  iron  surrounded  with  charcoal  and  he 
to  whiteness  is  slowly  iKnetrated  by  the  charcoal  {Cemrutniion), 
in  conseijuence  of  one  or  Ooth  bodies  being  iu  the  fluid  state,  combit 
takes  place  at  the  ordinary  temperature  or  a  little  above  it,  it  is  i 
Sohttion  in  the  wet  wat/,  (Soliifio  via  Awmtt/a);  if  a  higher  temper 
is  required,  tlie  |proce-'is  is  tailed  ^'ofn^ioft  tn  t/ic  dr^  if/aif,  Ftmon  {5W 
tio  via  ticca,  Confunio.) 

D.  Even  if  one  or  (nith  of  the  bodiea  bo  iu  the  fluid  state,  a  hfj 
temper.ature  is  often  necessary  to  efleet  tho  combination, 

^felted  Eulphnr  will  not  combine  with  carbon;  th«.>  eulphiir  must 
brought  in  the  state  of  vapour  into  contact  with  red-hot  charcoal,  althoiij 
tho  olfisticity  of  the  vapour  might  rather  be  expected  to  interfere  wjl 
the   combination.     Neutral  carbonate    of  soda  in    the  efllorescent   sta 
absorbs  carbonic  acid  very  slowly  at  first,  but  more  and  more  quicldy  : 
it   jLt'ts  heated   by  the  absoriition,  and  ultimately   with  great  violenJ 
(Mobr,  Ann.  Pfuittn.  29,  268.)     Cliarcoal  requires  to  be  he.ated  before] 
will  bum  in  oxygen  gas,  that  is,  before  it  will  combine  with  tlio  oiygef 
At  ordinary  temperatures,  oxygen  may  be  mixed  with  hydrogen  a^ 
other  inflammable  gases  without  combining  with  them,  but  at  a  red  hcJ 
combination  takes  place  immediately.     In  this  case  both  bodies  are  fluii 
and  we  might  eipect  that  heat  by  increasing  their  elasticity  would  rathi 
oppose  tiian  favour  the  combination.     The  niiinner  iu  which   heat  .ic| 
ill  ciiich  c.x.«es  h  not  precisely  understood.     If  for  instance  we  aup|io.*e  tli 
the  ufliotty  between  oxygen  and  hyilrogen  in  the  Cfdil  is  not  suUicient  | 
overcome  their  elasticity  but  becomes  greater  at  a  higher  temiieratm' 
then  the  resulting  compound  ought,  on  cooling,  when  the  aflintty  betwet' 
it8  eloracnts  is  again  dimtnisheil,  lo  be  resolved  into  tliosc  el'emeuta  'J 
the  action  of  elasticity,     ]f  again,  with  Mongc  and  BerthoUct,  wc  si 
pose  that  the  portion  of  the  gaueona  niixturo  first  lieatod  presses  by'i| 
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cxp&nsioTi  on  tLe  noiglibourhig  particles,  anJ  tliercbjT  causes  llicm  to 
coiubiut;,  it  may  l)0  argued  tin  the  other  baud  tliat  such  prpsaing  together 
o(  the  particles  can  have  but  little  eflect,  an  J  that  no  combination  ensue* 
when  the  gaaeoua  mixture  is  gradutilly  HnLjected  to  a.  pressure  of  50  or 
CTCD  150  atnioapberes. 

£.  In  aonie  cases,  light  ha£  the  samo  efi'cct  as  an  elevation  of  tempe- 
rature. 

Clilorino  and  hydrogen  or  carbonic  osidc. 

F.  Electricity  likewieo  favours  the  combination  of  many  subatancee, 
eting  chiefly  by  elevation  of  temperature,  but  uliso  hy  the  comprceeinn 
t^hirh  the  electric  spark  exerts  upyn  the  gaaeoua  mixture  through  trhich 
lit  pas$c«. 

.G.  In  some  iustances^  the  expansion  of  gfleeous  bodies  favours  their 
_"MBatioii  with  others,  rhosiiborus  undergoes  slow  conibugtioo  in 
fgcc  goH  however  low  the  teniperattjre  may  be,  the  action  going  on 
[more  quickly  as  tlie  /jaa  i»  more  rarefied;  a  mixture  of  osygcn  and  noii- 
[inflauimjiMc  phosphu retted  bydroj^en  jh^scs  explodes  on  cxpanBion. 

H.  The  presence  of  a  heavy  solid  body,  particularly  a  metal,  havirijj 

great  extent  of  surface,  likewise  causes,  aonietimeH  at  ordinary,  somc- 

Hitiies  at  aliglitly  elevated  tenipenitures,  the  combination  of  oxj'gen  with 

[inllaniirrahlo  gajjes  and  vapours,  which  would  otherwise  take  place  only  at 

1  a  rod  In'rtt. 

Thia  property  ia  most  Btrihingly  exhibited  by  platinum ;  the  more 
lilnely  divided  the  platinum,  the  stronger  is  its  action,  IVhcn  the  com- 
ibiuation  of  oxygon  with  inHainniable  ^ascu  takoB  place  at  ite  surface,  the 
^hcat  developed  raisea  it^s  teinpcrnture  and  thereby  increases  its  activity, 
•  at  loiiglh  tlio  metal  becomes  red-hot  and  then  sudden  combination 
{Vtd.  Oxygen  and  Hydrogen.)  Platinum  appears  to  condensa 
^Macf!  particularly  oxygen  on  its  isarface  by  adhesion  (page  26),  bo  that 
'  the  heterogeneous  atoms,  being  deprived  of  their  heat-spheres,  are  able  to 
approach  one  another  and  combine. 

1.  Many  bodies,  particularly  those  which  are  very  eluBtic,  or  very 
hwive,  combine  together  only  when  aided  by  tho  chemical  co-operation 
other  bodies. 

a.   Formation  of  chemical  compnunds  by  iSithntifuHoti, 
One,  or  both,  of  the  combtning  bodies  in  previously  contained  in  another 
bmpouud  which  ia  les«  elastic  or  less  coherent  than  tho  body  itself,  and 
rom  whicli  it  passes  over  to  the  new  combination  in  the  sa-calle«i  nascent 
tat^,  Ikcfore  it  has  time  to  retussurac  the  highly  elastic  or  highly  coherent 
Ue  wliich  belongs  to  it.     Nitrogen  and  hydrogen  will  not  combine  to 
krm  ammonia  by  the  action  of  either  heat  or  electricity;   but  if  tin* 
finga  be  placed  in  contact  with  water  and  binoxide  of  nitrogen,  the  tin 
irill  rob  both  these  bodies  of  their  oiygen,  and  the  hydrogen  disengaged 
>m    tho   water   will   combine  at  the  moment   of  liberation   with   the 
litrogon  set  free  from  tho  nitric  oxide,  and  form  ammonia.     Tin  acts  m 
lie  same  nianner  ou  dilute  uitric  acid.     Ammonia  is  alao  produced  on 
eating  nitre  with  gum,  and  likewise  from  azolizcd  organic  substancea 
Bn  heated  alouo.     Oiygcn  aud  nitrogen  will  not,  without  great  diffi- 
Ity,  couibinc  directly  to  form  nitric  acid:    thia  substance  is  however 
Mned  when  amnioniacal  gaa  is  passed  over  red-hot  oxide  of  manga- 
or  a  mixture  of  aramouiucal  gas  and  oxygen  passed  through  a  rcd- 
't  tube.     The  »iirogcM  being  the  less  claattc  of  tho  two  elements  of 
umouiii,  la  raoro  diispcied  to  combine  with  oxygeu  when  the  hydrogen 
U)  b«ou  «eparated  from  it  by  the  action  of  that  eubstance,  thaa  when  it 
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M  in  ifae  ftdt  ttaie.  Similarly  l\e  combinfliions  of  tiUrogem  with  chlo- 
t\m,  bromine,  iodine,  aulpliur,  ami  phospliorua  ar©  not  obtained  directly 
from  nitro^n  gas  it«clf,  but  from  the  (lecainpusition  of  ainmuDia«  Iodine 
will  not  combine  directly  with,  otyecu  gas  to  form  iodic  acid :  ihia  acid  i« 
bowcTer  produi%d  on  heating  iodme  with  nitric  acid.  Similarly  iodic 
acid  is  prodnoed,  as  also  bromic  and  chloric  acid  (which  latter  cannot  bo 
formed  by  means  of  nitric  aeid)  by  bringing  iodine^  bromine,  or  chlorine 
in  contact  with  solution  of  potash.  The  compound  of  water  anJ  ojcygcn, 
called  peroxide  of  hydrogen,  is  obtaiuecl  not  from  water  and  oxygeu  gag, 
but  from  water,  peroxide  of  barium,  and  hydrochloric  aciil,  the  acid 
abstracting  baryta  and  leading  the  excuse  of  oxygon  of  the  peroxide  of 
burium  to  go  over  to  the  water, 

Among  the  instances  in  which  cohesion  is  dlmitii^hcd  by  the  action  o{ 
a  pre-existing  conipciund,  the  following  may  he  mentioned:  Anhydron 
baryta  docs  not  absorb  carbonic  acid  gas,  but  the  hydrate  takc^a  it  npl 
readily,  water  being  set  free  at  the  same  time.     CrystaUi^ed  aluminaj 
(Sapphire),  and  many  other  weak  bases  in  the  crystallised  or  ignit 
atato  do  not  dissolve  in  hydrochloric  acid  ;  but  after  being  heated  with 
large  quantity  of  caustic  potash  with  which  they  combine,  they  becon 
soluble  in  that  acid.     If  the  insolubility  of  crystallized  alumina  arose  Cru 
its  cohesion  being  greater  than  it^  athnity  for  the  acid,  it  ought  not 
dissolve  in  the  acid  after  being  ignited  witli  potash,  but  to  separate, 
Consctjuonce  of  its  greater  cobeeiou,  after  the  pota»h  hod  been  dissolved  in' 
the  acid:  it  appears  then  to  be  only  the  peculiar  kind  of  aggregatjoa  be- 
longing to  the  crystalline  state  that  prevents  the  alumina  (nmi  acting  in 
obedience  to  its  affinity  for  the  acid. 

b.  Induction  of  ehomical  combination  by  communicatifin  of  clitmii 
iTifrgii/. — A  body  in  the  act  of  chemical  combloatloti  ha«  the  j»ower 
inducing  the  same  kind  of  activity  in  another  body  and  causing  it 
combine  with  a  third  body,  thereby  forming  a  comjwund  which,  undi 
the  existing  cjrciimatiiuccs,  would   not  have  been  formed  without  the  pr 
sea oe  of  the  first  body.     (Liebigt  Ann,  Pharm.  30,  262.)     Wet  poat^ 
gradually  absorbs  oxygon  gas,;  if  the  latter  he  mixed  with  hydros 
portion  of  the  hydrogen  enters  into  combination  with  the  oxygen,  whi3 
it  would  not  do  in  the  absence  of  the  peat-earth.     (Saussure.)     Nitrog-J 
gas  does  not  by  itself  combine  with  oxygen,  even  when  heated;  but  iff 
mixture  of  nitrogen  and  hydrogen  be  set  on  fire,  the  hydrogen  barn 
prodnoing  water,  and  a  portion  of  the  nitrflgon  combines  al  the  aan 
time  with  oxygen,  producing  nitric  acid.     Pure  cupper  does  not   oxidai 
in  water  mixed  with  sulphuric  acid,  but  when  combined  with  zinc 
nickel  (ill  German  eiJvor),  metala  which  decompose  acidulated  water, 
when  combined  with  three  times  its  weight  of  ziuo  only,  it  oxidates  mi 
dissolves  oompletofy  together  with  the  other  metals.   Platinum  when  alonl 
does  not  oxidate  and  dissolve  in  nitric  acid,  bnt  when  alloyed  with  silvc 
it  beootnes  soluble  in  that  acid. 

2.  C^rcumtiances  and  Mesidis  of  tlt^  ckemieal  com^inaiion  of  Pont 

Bodies. 

A.  Emission  and  absorption  of  imponderable  substances. 

In  all  cases  of  the  combination  of  ponderable  bodies,  a  change  ani 
generally  a  rise  of  temperature  is  produced,  sometimes  amounting  to  the 
most  intense  heal.    This  rise  of  tempeiaturo  ia  generally  greater  in  pr 
portion  to  the  strength  of  the  affinity  by  which  (ho  oombination  is  brougli 
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about;  a  fall  of  temperature  Is  lees  frequent.  (  Vid.  Heat.)  Some  com- 
binations are  attended  with  a  slight  development  of  ©loctrie-itj.  (  Fid. 
£Jeccrioitj.) 

B.  Time  in  which  combination  takes  place. 

o.  With  On:  tame  two  bodies,  the  rapidity  of  combination  ia  inereawd 
ttimini^ltitig^  tbs  quantity  of  a  solid  body  in  proportioii  to  that  of  a 
liijuid,  or  of  a  gaseous  body  in  proportion  to  that  of  n.  liqnid  or  a  solid  j 
by  diminish inc;  the  cohesion  of  a.  solid  by  heating,  or  the  elasticity  of  a  ga« 
by  cooling  and  compression  j  and  lastly,  by  comminuting  a  iolidbody  and 
iBereoEing  the  number  of  point."}  of  cootjust  by  agitation  and  friction. 

A  ^It  placed  at  the  bottom  of  a  qnautjty  of  water  diasolvea  very 
■  ''■      Ty  when  at  rest,  becaiKso  tho  heavy  film  of  Ealtno  solution  which  is 
lully  forming  remainja  above  tho  salt  and  prevents  its  contact  with 
-'.'■it  of  the  water:    the  same  sriilt  placed  at  tho  upper  part  of  thd 
;•  in  a  muslin  bag  or  a  filter  dissolves  very  rapidly,  because  the  solution 
H  formed  aink.g  to  the  bottom  and  allows  the  rest  of  the  water  to 
in  contact  with  the  salt,     Ammoniacal  gaa  directed  npou  the  sur- 
face of  wafer  ig  very  alowly  absorbed,  because  the  new  compound  (solution 
of  ammonia)  is  lighter  than  water,  and  therefore  forms  a  layer  on  the 
tiorface  jireventing  the  further  contact  of  tho  water  and  gas;  but  if  the 
ga»  is  directed  through  a  tube  to  the  bottom  of  the  water,  the  absorption 
iatkon  place  very  quickly.     Hydrochloric  acid  gas,  on  the  contrary,  is 
mpidly  absorbed -wheq  directed  on  the  surface  of  water  because  ita  solu- 
tion in  that  liquid  being  heavier  than  water  einks  to  the  bottom,  aud 
freok  water  comes  to  the  surface.     A  metal  slowly  cooled  after  fusion  die- 
•olve«  more  rapidly  in  acid^  than  it  would  if  it  had  been  hammered. 

h.    With  difti'cnl  bodifg,  the  rapidity  of  combination  is  greater,  in  pro- 
portion as  their  aifinity  is  greater,  their  cohejiion  less,  their  difference  of 
•peeifi<r  gravity  smaller,  their  diflusiou  through  one  another  more  easy, 
and  the  fluidity  of  the  new  compound  more  complete,     Th«  combinatioQ 
■♦'  ^••y\i\s  with  fluids  takes  place  much  more  slowly  in  consequence  of  the 
r  cohesion  of  the  fonner  than  that  of  fluids  with  fluids.     Liquids 
ii  'irtf'firent  specific  gravity  combine  slowly  when  at  reat  anil  disposed  oao 
jve  tho  other  in  layers,  but  quickly  when  shaken.     Gases  combine 
soet  quickly  of  all,  bcHVUBO  they  diffuse  theniselvca  through  each  other 
bontaneously  by  adhesion  (page  20),     If  tho  new  compound  is  solid  at 
Frdiuary  temperaturca,  it  places  itself  between  the  new  bodies  and  hinders 
Wir  further  combination  ;  e.g.,  zinc  aud  sulphur. 

C.  Proportions  In  which  bodies  combine. 

This  forujs   the  suhject-raatter  of  Stoichiometry,  or  the  Doctrine  «f 
7hanicat  Proportiojut  or  Chfrnical  Equivalents. 

Pondon*bl«  bodies  generally  combintj  in  definite  proportions,  which 
3me  out  with  greater  distinctness  a*  the  affinity  l>etween  tlie  combining 
ibetanoes  i«  stronger.      With  respect  to  the  proportion  in  which  two 
bodies  combine,  the  following  ca-sps  preeent  themselves: 

a.  Two  fjodies  may  it  mixtd  in  any  projioriion  ahaUvtr,  attd  t«  no 
1st:  di'tut  the  mixiurr  presttd  antf  pnmfiur  propertia:  €.ff.)  Water  and 
ouhol,  alcohol  aud  ether,  other  atid  vcdatile  oils. 
*.  Our  f,ody  A  nuiy  f<de  up  any  qunntify  ivhaUver  of  anothfr  body 
U;  bul  B,  rt/'iVT"  hatttitf!  cnmhijied  with  a  cffrtain  qnaniUy  of  A,  takes  up 
C«  more  of  it, — B  ie  then  said  to  be  s&turaied  with  A;  the  point  a/iatvr 
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rathn  is  atlalneil ;  si  latttj'otfd  eomhination  or  snhiJt'on  liiu!  been  fornipJ 
1  piirt  n{  linsced-oll  may  b(>  Hiasolveil  in  40,  lOOO  parts  or  any  greater 
quantity  of  alcohol ;  but  wlicti  30  parts  of  alcoliol  bav'c  taken  up  1  pari  of 
liftBood-oil,  any  greater  cjotmtity  remains  iindisBolved  aiifl  forms  a  milky 
linuid  on  agitation.  10  parts  of  common  salt  mixed  witb  any  timintity 
of  water  greater  than  27  pts.  will  fomi  a  clear  solution ;  but  if  cnnimon 
salt  be  added  by  gniall  portions  at  a  time  to  27  parta  of  water,  tlie  first 
10  pts.  will  dissolve  cumplctcly,  but  any  further  quantity  will  rcniaiu 
nndisgolved.  Similar  relations  are  oxiiibitcd  by  water,  alcohol  and  ether 
towarcla  many  salts  ami  otiier  solid  bodies,  and  likewise  towards  gases. 
Water  aud  ellier  ayitated  together  in  equal  quantities  separate  when  lefl 
at  rest  into  two  laycrsj  the  lower  consists  of  water  saturated  with  -^-^ 
eth«r,  which  may  bo  replaced  by  any  quantity  of  water  whatever;  the 
upper  is  ether  hobling  a  very  email  quantity  of  water  ia  Bolution,  anti 
iniscible  with  ether  in  all  proportions. 

In  most  of  tbese  cases  the  point  of  ?aturation  varies  with  the  tempe- 
rature and  eitcrnnl  pressure.  Most  solid  bodies  dissolve  more  abundantly 
in  fluids  the  more  the  temperature  ia  raised,  probably  on  aecount  of 
diminijibcd  c-oliosion  ;  but  as  exceptions  to  tliifi  law  we  find  that  lime  and 
some  of  its  salts  dissolve  more  iibnndantly  In  cold  than  iu  warm  water, 
and  10  pts.  of  common  salt  saturate  27  of  water  at  all  tempcraturea. 
Under  increiised  pressure,  liquid-^  will  dissolve  larger  quantities  of  gaseons 
bodies;  moreover  Perkins  found  (^Artn.  Ch,  Pki/s,  23,  410,  a.]m  Schic  00, 
3fil)  that  a  milky  mixture  of  ak-ohol  with  a  larger  quantity  of  hergamot 
oil  thftu  it  can  dissolve  at  the  ordinary  pressure  of  the  air,  bccamo 
perfectly  limpid  from  solution  of  the  oil  under  a  pressure  of  1100  atmo-, 
spheres. 

c.  Two  hodUs  combine  (n  ow^  or  a  ttmaU  nurnhn"  ojtly  of  d^finit-e 
portiont,  subjuct  in  710  varifttio7i  from  trmperatiirf  Of  otdward  pressiiTe. 

This  law,  till!  most  important  of  all,  holds  good  in  all  cases  iu  which 
the  more  powerful  affinities  arc  concerned.  It  implies  a  mutual  satunn 
tion  of  A  with  B,  and  B  with  A, 

«,  The  two  bodies  A  and  B  combine  in  one  proportion  only.     In 
case  the  same  relative  quantities  ensure  the  siaturation  uf  A  with  B,  ai 
of  B  with  A. 

Chlorine  and  hydrogen  combine  only  in  the  proportion  by  weight 
35'4  ;  1;  zinc  ami  sulphur  only  as  322  :  1ft. 

0.  The  two  bodies  combine  in  2  definite  prnportiona  only:  A  is  sati 
rated  with  B  at  one  of  these  proportions,  and  B  witli  A  at  tfic  other. 

Six  parts  of  carbon  combine  with  8  pt.s.  of  oxygen  to  form  carbon 
oxide,  with  16  to  form  carbonic  acid  ;  in  carbonic  oxide  tho  oxygen 
saturated  with  ca.t-bou,  in  carbonic  acid,  the  carhoa  is  saturated  wit 
oxygen  i  for  8  oxygen  will  not  take  up  more  than  6  carbon,  nor  6  carbo 
more  than  16  oxygen;  moreover  between  carbonic  oxide  and  earboni 
acid  there  exists  no  intermediate  combination  containing  more  tJian  S  and 
less  than  16  of  oxygen  united  with  6  of  carbon.  It  jr  true  that  carbon! 
oxide  and  carbonic  acid  gasea  may  be  mixed  in  any  proportion  whateve 
and  thus  a  gas  obtained  in  which  G  parts  of  carboii  are  present  in  cunncctioil 
with  more  than  8  and  lees  than  16  of  oxygen;  but  this  is  no  chemica 
compound,  hut  a  mere  mixture  of  gases,  from  which  potash  will  rcniov 
tho  carbonic  acid  and  leave  the  carbonic  oxide  behind.  Similarly  Sa- 
chlorine  with  101-4  mercury  form  corrosive  sublimate,  and  with  202'; 
mercury  they  form  calomel:  a  substance,  which  for  every  35'4  pts.  0 
chlorine  contained  moro  than  lOl'i  and  less  than  202-8  mercury,  woub 
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ixture  of  corrosir©  HoUIiniato  and  calomel,  from  wliidi  alcohol 
W  dissolve  the  former  ami  leavp  the  latter. 

•jt.  Ttio  two  bullies  combinp  in  3,  4,  or  5  dj«tinct  propcirtiona, — In  this 

**®«  the  combination  of  A  with  the  largest  qimutitj'  of  B,  srircs  one  point 

"'    '^atnr.ition,  and  that  of  B  with  the  largest  quantity  of  A,  the  other; 

It  thusc  two  points  of  saturation  are  situated  1,  2,  or  3  intcmiediato 

ii.ition?.     But  here,  as  in  the  former  case,  there  is  no  gradual  transi- 

"III  the  niiniintim  to  the  maxinidni,  but  a  sudden  pa^KsigQ  from  one 

-Ltcristie  comhination  to  another. 

4S  molybdenum  with  8  oxygen  form  tnolj'bdons  oxidoj  with  16  oxygon, 
"lofylwiic  o.xiile,  and   with   24  ox.  molybdic  acid.     16  sulphur  with  S 
«Iygen  fonn  liyposutphurons  acid;  with   16  ox.  sulphurous  acid  with  20 
n.  hypos tilpburic  acid;  and  with  24  ox.  milphuric  acid.    14  nitrogen  with 
"oxyuren  form  nitrous  oxiJe;  with  18,  nitric  oxtdo;  with  24,  nit rou?!  acid  ; 
••ilh  32,  peroiide  of  nitrogen  or  hyponitric  acid ;  and  with  40  of  oxygen, 
nitric   jirid.     Many  intermediate  compounds  may  he  regarded  as  com- 
binations  of  two   saturated    compounds  in  definito   proportions.     Thus, 
103  S  lead  fonn  with  8  oxygen  (the  smalleat  possible  quantity)  the  ydlow, 
with  13  oxygen  (tho  greatest)  the  brown  oxide  of  lead:  between  these  i* 
fonnd   the  ted  oiido,  which  contains  103'8  lead  with  10|  oxygen,  or 
(multiplying  by  3)  311 '4  lead  with  32  oxygen,  and  may  be  rogardcil 
its  a  compound  of  yellow  oxide,  2  (103*S  lead  +  8  oxygen)  and  brown 
oiide  (1038  lead  4-  Id  oxygen).      Moreover,  the  red  oxide  is  decoru- 
ed  by  acetic  acid,  which  dissolves  out  the  yellow  oxide,  leaving  the 
jwn.     Similarly,  magnetic  iron  ore  may  lie  regarded  as  a  componud 
[protoxide  and  peroxide  of  iron. 

'  -Slteso  more  intimate  and  definitely  proportioned  compounds  considered 

'  <■,  are  subject  to  the  two  following  important  laws. 

First  L\v,'  nKr-ATiNa  to  toe  same  two  nonrns.    Suppose  two  bodies 

Aniid  It  t-j  bo  cnpable  of  uniting  in  .several  proportions;  then  if  the  smallest 

Hitity  of  B  which  can  combine  with  a  given  quantity  of  A,  be  raulti- 

il   either  by  li,  or  by  I^,  or  by  2,  or  by  2^,  or  by  3,  4,  5,  or  any 

L'her  whole  number,  the  proilucts  will  give  the  other  quantities  of  B, 

(jcli    may  combine  with   tlie  before   montioued  given   quantity  of  A. 

Brxeliiw.)     Thus  G  carbon  combine  with  8  and  2.  8  oxygen;  16  sulphur 

8,  2 . 8,  24 . 8  and  3 .  S  oxygen ;  1 4  nitrogen  witli  8,  2 . 8,  3 . 8,  4, 8  and 

oxygen ;  HI3*8  lead  with  8,  1  J,  8  and  2,8  oxygen.     This  law  aflbnlBa 

cck  on  the  results  of  experiment:  thus  if  oxporitncnt  liaJ  indicated  that 

rarbon   unite  with   8  oxygen  to  form  carbonic  oxide,  and  with   15"5 

t'gen  to  form  carbonic  acid,  it  might  have  been  suspected,  since  15'5  is 

one  of  the  multiples  of  8  by  1^,  1  J,  2,  2^,  3  ....  ,  that  the  com- 

Isition  cither  of  carbonic  oxide,  or  of  carbonic  acid,  or  of  both,  bad  not 

len  correctly  delcnuined  by  experiment. 

SKCiiyi)  Law,  nfXATiwo  to  different  bodies.     From  the  proportion 

which  A  c«>nd>iiipa  with  B  on  the  one  hand  and  witli  C  on  the  other,  may 

jcwir-e  lH;calcH]iitc<l  tho  proporfiou  in  wlitcti  combination  may  take  place 

vrecn  B  uud  C,     If,  for  example,  expcrlnicnt  ahfiws  that  1  pjirt  of  A 

ibincH  with  3  part*  of  B  and  with  8  partw  of  C,  then  B  and  C  must 

nbtue  eitlicr  in  the  ])roportion  of  3  B  to  8  C,  or  in  some  other  propor- 

n  in  which  the  3  B  are  multiplied  by  one  of  the  following  numbers,  1  \, 

2,  2^,  I,  3,  4,  5.  Sec,  or  the  8  C  by  one  of  the  same  nambers,  or  the  3  B 

one  and  the  8  C  by  another  number  of  the  same  series.     The  same  law 

Jei  good  in  the  caee'oXany  number  of  bodies,  so  that  if  1  A  will  combine 

.3  B,  8  Q^l^l^  E,  &Q,,  then  B  will  combine  with  C,  D  &qi 
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E  cither  in  the  proportion  of  3  :  8,  3  :  10,  3  :  12,  or  else  in  proportions 
obtained  bj  nmltiplyinif  one  or  each  ojf  tlieae  numbers  by  eome  factor 
taken  from  the  aboye-inenlioneil  soriess.     Taking  eolphur  for  the  body 
denoted  by  A,  we  find  that  1  (J  sulphur  with  103  8  lead  form  sulphnret  uf . 
lead;  with  24  oxygen,  sulphuric  acid;  with   1  hydrogoo,  hydrosulphnrio ' 
acid;   with  3  carbon,  bisulphuret  of  carbon;   and  with  13*fl  iron,  iron- 
pyritoB.     Now  103  a  lead  combine,  not  with  24  oxygen,  but  with  8  oxy- 
gon to  form  yellow  oxide  of  lead;  the  103*8  lead  must  therefore  be  mul-i 
tipHod  by  3  to  give  the  proportion  in  which  lead  and  oiygtsn  are  conibinedl 
ill  tho  yellow  oxide.     Oxygen  and  hydrogen  combine,  not  in  the  ratio  of  j 
24  :  I,  but  of  8  : 1  or  24';  3;  the  1  hydj-open  must  therefore  be  multiplied] 
by  3. — 24  oiyg«n  combine  not  with  3  carbon,  but  with  IS  carbon  in  caP-j 
bonic  oxide:  tho  3  carbon  has  therefore  to  be  multiplied  by  6, — 24  ox3'geilj 
combine  not  with  136,  but  with  81 '6  iron  to  form  protoxide  of  iron,  th#] 
latter  number  being  equal  to  6  tim&s  I3-C. 

From  these  two  lawa  it  fallows  that  to  every  simple  enhstance  there 
belongs  a  certain  relative  weight,  according  to  which  it  combines  witfc 
given  rnlattre  weights  of  other  siniplo  substances,  only  that  in  many  cases 
ihia  relative  weight  requires  to  be  muhipliedbyeome  number  of  the  scriesj 
already  mentioned,  liiis  determinate  relative  weight  of  a  body  i« 
those  who  admit  the  atomic  theory,  called  the  Atomic  Weiffhi;  by  thOM^^ 
on  the  other  hand,  who  either  reject  this  theory  altogether,  or  regard  it  '• 
not  sufBoiently  established, — the  Combininff  Weight,  Chemical  Weight,  CA 
vticai  Equivakut,  Cumbinimf  Froportion,  Equivaitni  Proportwv,  or  Jf^itiJ 
vaient  ^^wmber,  Stoicktometrical  Proportion,  or  ,Stoichio7aetrieal  Niimhfr. 

The  origin  of  these  two  laws  is  most  satisfactorily  explained  by  the 
atotnic  theory  (whioh  we  shall  hereafter  develop  more  completely),  accopd-, 
ing  t»  whioh  every  simple  substance  consists  of  very  email  invisible 
tides  called  fUonu,  the«e  atoms  being  of  uniform  weight  and  volume  in^ 
each  individual  substance,  while  the  atoms  of  different  sulwtauces  niAjf 
be  of  diffnrenl  weight  and  volume.     It  is  attsumod  that  in  chemical  com- 
bination the  heterugeneuiis  atoms  lay  themsclvefj  close  together,  and 
form  wmpouiitl  atont-t,  which,  when  collected  into  a  maas^  constitt 
now  compound:  further,  that  the  atoms  have  a  tendency  to  unite  in  ei] 
pie  numerical  proportions:  e.^.,  1  atom  of  A  with  1,  2,  3,  or  more  atol 
of  B;  or  2  atoms  of  A  with  3  or  5  atoms  of  B,  or  3  atoms  of  A  witlf 
atoms  of  B.     It  is  only  in  organic  compounde  that  more  complex  propt 
tiona  occur. 

If  we  now  examine  the  preceding  examples  according  to  this  viej 
wo  may  assume  that  the  absolute  weight  of  an  atom  of  carbon  isf 
that  of  un  atom  of  oxygen  ^6:8,  and  that  1  At,  carbon  combii) 
cither  with  1  At.  oxygen  to  form  curbonio  oxide,  or  with  2  At.  oxyg 
to  form  carbonic  acid.     It  will  then  follow  that  in  carbonic  oxide  evei 
6  parts  by  weight  of  carbon  are  combined   with  S  parts   of  oiyg 
and  in  carbonic  acid,  every  (S  parts  of  carbon  with  16  of  o:Eygen. — \ 
may  also  with  great  probability  assume  that  the  atomic  weight  of  salph| 
ia  twice  as  high  aa  that  of  oxygen,  and  therefore  =  10,  if  that  of  oxya 
bo  taken  =  8.     Since  now,  according  to  experiment,  16  parts  of  sulpli 
can  combine  with  8,  Id,  20  or  24  parts  of  oxygen,  it  follows  that  1 
Bulphnr    conibtnea    with    1,    2,    2^    and  3    At.    oxygcnj  ,and    since  M 
atoms  are  inadmlasible,  the  combination  of  16  sulphur  with  20  oxyg 
(=  ,32:40)  may  be  regarded  as  consisting  of  2  At.  sulphur  eombin"* 
with  5  At.  oxygen. — If  the  atomic  weight  of  nitrogen  be  taken  eqi. 
to  li,  it  will  be  found  that  1  At.  nitrogea  can  combine  with  1,  2,  9,  4 
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6  At.  oxjgm.—^'The  atomic  weieht  of  lead  being  assumed  equal  lo  103'fij 
tlve  yellow  oxide  of  lead  miiat  lie  supposed  to  oontitiu  I  AL  load  'nrith  1 
I  At.  oxygen,  tLe  brown  oxide  I  lead  with  2  oiygen,  and  the  red  oxide  3  Idad 
wilit  i  oxygen.  TLus  it  is  explained  why  the  smallogt  quantity  of  B 
with  which  A  will  combine,  must  bo  mulUjilied  by  l^,  1^,  2,  2|,  3,  4, 
auil  ntlier  whole  nuiubers,  to  find  tte  other  j)roportions.  For  1  At.  of  A 
take*  up  tioinetimcd  1,  Bomel!me»  2,  sometimes  more  atunis  of  R,  and 
hence  the  augmentation  proceeds  according  to  whole  nxiiHbors:  or  2  At. 
of  Aiiuito  with  Oi  or  5  of  B:  hence  amea  multiplication  by  1  ^  or  2^;  or  3 
At.  A  with  4  At.  B,  whence  multiplication  by  1^. 

With  respect  to  the  secund  law,  we  have  the  following.     If  exiveri- 

mettt  4hpwg  that  1  part  of  A  vombiues  with  3  parts  of  B,  mid  with  8 

parte  of  C,  then  on  the  supposition  that  in  those  eoni[iounds  1  At.  of  A 

exists  in  conijexion  with   I  At.  of  B,  and  with  1   At.  of  C,  it  follow* 

illtat  the  atomic  weighta  of  A,  B,  C,  =  1:3:8;  sinee,  however,  in  these 

loombijiations,  1  At.  of  A  may  be  combined  with  2,  3,  4,  or  siny  greater 

laaDibcr  of  ntom[3  of  B  or  C,  or  2  At.  of  A  with  3  or  6  At.  of  B  or  C,  or  3 

At,  of  A  with  4  At.  of  B  or  C,  &c.  &c.;  or  finally,  eiuco  B  and  C  must 

not  be  supposed  always  to  combiuo  in  equal  numbers  of  atoms, — it  will 

often  bo  Bcccsfiary,  iu  determining  the  equivalent  numbers  ac«ording  to 

wliicli  B  and  C  combine,  to  multiply  the  3  parts  of  B  or  the  8  parts  of  C,  or 

belli  of  ibora^  by  one  of  the  numbers  in  the  series  1^,  1^,  2,  2^,3,  4,  5. .  . . 

Aiomic  WeigkU  of  Simple  SiAttamem. 

Of  the  aiaolute  weight  of  atoms  we  can.  know  nothing,  excepting  that 
they  must  be  extremely  emalL  It  is  only  the  relative  weight  of  tbe 
atuni.s  of  different  bodies  that  can  be  dotermiued  with  any  degree  of  pro- 
'  '  '  "  from  the  proportions  by  weight  according  to  which  the  bodies 
Tliis  relative  atomic  weujnt  may  bo  discovered  by  asauming 
rilj  a  particiUar  number  to  represent  the  atomic  weight  of  any  one 
and  then  determining  the  atomic  wcigbte  of  the  other  bodies 
to  tho  proportions  by  weight  in  which  thoy  combine.  Some 
I  fidlowing  Dalton,  put  the  atomic  weight  of  tydrogenj  because 
llostj  =  1;  but  tho  greater  number  agree  with  Berxelius  in 
,gen  —  100.  The  former  method  ia  to  bo  prefcrrcdj  because 
(t4w  kiiiutler  nanibers  and  thereby  favours  the  retention  of  them  in  the 
and  facilitates  calculation,  The  atomic  weights  of  many  other 
BMAr  tu  bo  simple  multiples  of  that  of  hydrogen,  and  consequently 
Wngen  is  taken  =  1,  they  aro  reprefieotod  by  whole  numbcre; 
'J,  oxygen  8,  nitrogen  14,  unlphur  10,  &c.  These  numbers 
Liin  one  digit  lo^s  than  the  others:  thus,  oxygen  8  instead  of 
rbou  C  instead  of  75,  nitrogen  14  instead  of  17.5,  sulphur  16  la- 
id if  ;'<il*,  &c,  This  simplicity,  moreover,  obtuins  particularly  with 
■  •■ie  substances  of  which  the  ionamerable  organic  compounds 
In  favour  of  the  other  method  it  is  indeed  advanced  that 
!ill  the  elementary  bodies  that  which  forms  the  widest  rango 
li,  and  consequently  that  calculation  mutit  be  facilitated 
oient  is  expressed  by  auch  round  numbers  as  100,  200,  300, 
...  v»c.,  hot  the  numbers  fi,  16,  24,  32,  40,  are  more  quickly 
Mid  encumber  the  addition  so  much  the  less  as  the  other  elc- 
'  ;'"  cotniKiund  arc  at  the  same  time  expressed  by  simpler  num- 
vor  hydrogen  oocura  in  a  great  number  of  inorganic  com- 
vtiMf  (9«iH;i4ally  >Q  tbi'  form  of  watery  and  in  organic  compounds  it 
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occurs  more  freqnentty,  and  in  greater  numborB  of  atoms  tlian  oxygcnJ 
BO  that  it  makes  a  very  prcat  Jifferonce  in  the  calculation  whether  thiaj 
Btibstatice  is  donotcd  by  1  or  by  12 '50. 

'1  lie  atomic  weigbt  of  one  bo<ij  being  arbitrfirily  fixed,  t  (f.,  that  of 
hyilrogcn  =  1,  the  atomic  weights  of  other  bodies  are  found  as  folluwe: 
100  parts  of  water  cantaiii,  according  to  exjjeriment,  11  ■111  hydrogen  < 
and  88'889  oxygen.     If  now  it  he  aiiaumecl  as  most  probable  that  in  water! 
every  atom  of  hydrogen  k  in  combination  with  1  atom  of  oxygen,  then 
the    weight  of   1    At,  hydrn^'cn  miiKt  be  to  that  of  1    At.   oxygon  = 
11  •111  ;  88889  =1:8.     If  100  grains  of  water  contain  j-  atoms  of  hy- 
dr<)f;cn,  and  tberefure  (according  to  the  hypothesiH  thiit  in   water  every 
1  At,  hydrogen  is  combined  with  t  Al.  OKy>,'en)  also  x-  At,  oxygen,  then 
X  At.  hydrogen  must  weigh   mil    grains,  and  j  At.   oxygen  SSSSil 
grains;  if  then  the  weight  of  a-  At.  hydrogen  ia  to  that  of  i:  At.  oxygen 
=  11*111  ;  88*880,  then  likewise  the  weight  of  1  At.  hydrogen  must  he 
to  that  of  1  At.  oxygen  =  lllll  ;  88889  =  1:8.     100  parts  of  eaU' 
pburetted  hydrogen  contain  5f)  parts  of  hytlrogen  and   94'1  parts  of  8bI-< 
phur:  if  ni>w  we  assume  that  this  compound  contains  equal  numbers  i»f 
atoms  of  bydr'igen  and  sulphur,  we  have  the  proportion,  5'9  ;  34  1  ^sJ 
1  I  16,  or  tlie  atomic  weight  of  Eulphiir  is   IG  if  that  of  bydrogrn 
aeaumed  ^  1.     Further,  on  examining  the  relation  of  pulpbnr  to  oiye 
we  find  that  100  parts  of  sulphurous  acid  contain  50  of  sulphur  and 
of  oxygen;  and   100  parts  of  sulphuric  acid,  40  gulphiirand  tJO  oxygenj 
Now*50  :  50  =  16  :  l(t,  and  40  :  60  =  IC  :24;   and   since   the  atotitk' 
weight  of  snljdiur  is  16,  that  of  oxygen  8,  we  may  conclude  that  il 
Bulpiiurou.s  acid  1  At.  sulphur  =;  16  is  combined  ivith  2  At.  oxygea 
16,  and  in  sulphuric  arid  with  3  At.  oxygen  =  24.      Since  carbon 
oxide-  contfiins  6  parts  of  carbon  combined  with  8  oxygen,  and  carl 
acid  fi  carbon  witb  16  oxygen,  wc  estimate  the  ai^m  of  carbon  at  S,  •• 
Bupno»e  thnt  in  carbonic  itxide  it  is  combined  with   1,  and  in  carbo 
acid  with  2  atoms  of  oxygen.     Sulphurct  of  carbon  contain*  6  par 
CftrboD  united  with   32  sulphur;  therefore  1  At.  carbon  with  2  At. 

Ehur.  Similarly  the  atomic  weight  of  nitrogen  ia  estimated  rit  11. 
ecaUHO  14  parts  of  nitrogen  combine  with  8,  16,  24,  32,  and  40  p*rlj 
oxygen:  cnnscquontly  I  At.  nitrogen,  with  1,  2,  0,  4,  and  5  At,  oxvjM 
In  ntKmoitia  1 4  part*  of  nitrogen  are  couibiueil  with  3  of  hydrogen,  tln.-ifl- 
forc"  1  At.  nitrogen  with  3  At.  hydrogen.  Since  in  yellow  oxide  n|  l.ta-l 
(nmwxiciit)  103-8  lead  arc  eombmed  wiih  oxygen,  the  atomic  wiijlii^^J 
luad  may  lie  cjiitimntcd  at  1038;  a<:cording  to  this,  galena,  which  vb 
jioK"!  of  lead  and  Eulphur  in  the  proportion  of  103-8:16,  muBt ' 
regarded  oh  ejinltthiiiig  tMiunI  innnber.'.  of  atoms  of  jt«  elements,  fi 
tlien,  tho  tttouilc  wolght  i.tl  hydrogen  being  as-fumcd  =  1,  the  followil 
ntomif  weiglilN  have  been  dcHerniiuDd:  oxygen  8,  eulpbur  16,  carbon 
nltroirmi  14.  Umd  103"8;  and  in  a  precisely  eimiUr  manner  the  aton 
woigblw  nf  the  otlter  eleirientn  uro  calculated. 

If,  on    thd   i.llicr   JKUiil.    the  atoriiic   weight  of  oxygen    be    afsuntj 
«   10(1,  (he  iMi(nbrr><jiirO.  found  will  bo  altered  as  follows:  since  8  -  1 
100;  \'l-!i,  tfu'  atoitiic  weight  of  hydrogen,  which  was   1  in  the  form, 
»y««eni,   will   in   Iho  jirewrit  be    12'^).     Siiiidarly  wo  shall  find  that  tl 
Rtmtibi  weight  ofwdpliirr  Ih  (K  ;  Ifl  =  100  t  .»■)  =  200:  of  carbon  (8  •  G 
KKI  I  f)  E  TA:  of  nitrogen  (8:14=  100  ;  ,r)  =  175:  and  of  lead  (8  :  10. 
■   100  :.r)  D    l2t)T'.V     flenerally,  (ho  atomie  weights  obtained  by. 
BtniriiiK  llxil  u[  hvdro;ri.|i  ,.    |  „i„Nt  he  nmltiplied  by  100  and  dividetT 
M,  In  ordor  to  llnd  tho  eorrenpuudiiig  atomic  weighta  on  the  snpt 


tittn  of  1  At.  oxjgen  :=  TOO:  Kinvoraely,  the  kttor  ntoiiiie  wciglita  are 
redtic^il  to  the  former  bj  multiplying  hy  8  and  Jiviiiii)^'  by  100.  How- 
ever the  atoijiio  wciirht^  oljt'iineil  on  the  lattor  supposition  may  differ 
from  tbtfse  resulting  from  the  former,  it  is  eviidont  that  the  ratJu  of  the 
iiuintrers  remains  the  saniy,  and,  since  all  the  magnitudes  ara  rdativoj 
this  differouco  of  the  atoniir.  weight  ia  only  apparent. 

AnolhiiT   fes    obvioHB    cause    of  difTyrenco   in    the   detern]ina,fion   of 

atomic  wci^lits  h  ne  folluwe.     Just  as  the  atomic  theory  itself  rcsta  only 

on  a  [iroljablo  bj-potheaia,  ao  likewise  the  aajjuniptioii  that  certain  com- 

|Hjundc»  contain  equal,  others  unequal  uuaihere  of  heterogeneous  atoms 

tiiuut  be  regarded  as  merely  probable.     For  example  it  cannot  be  proved 

that  iu  water  t'Tory  atom  of  hjdro'i,'-eQ  ie  united  with  exactly  one  atom  of 

oxyj^ii ;  there  may  he  2  or  more  atoma  of  hydrogen  combined  with  each 

atom   of  oxygen,  or  one  atom    of  hydrogen    with  2  or  more  alonts  of 

uxy'jen — and  similarly  with  rc^rd  to  all  other  compounde.     The  Lypo- 

lliAiia  of  Davy,  WollastoHj  and   W.  Henry,  that  water  contains  equal 

■Binbors  of  atoms  of  o.xygeii  and  hydro^u  haa  heen  assumeil  above  ua 

tlio  more  probable;  but  the  majority  of  chemists  agrco  with  Berzcliiis  iu 

iposing  that  it  coatiiins  2  atoms  of  hydrogeii  for  each  atom  of  oxygen. 

'b  this  sapposition  I  At.  oxygen  will  be  not  8  but  l(J  times  as  heavy 

an  1  Al.  hydrogen,  no  that  if  the  atomic  weight  of  hydrogen  =  1,  that 

«»r  oxvKt'n  =  IB;  and  if  the  atomic  weight  of  oxygen  =;  100,  that  of 

bydrfi^'iMi  =  6'25:  for  according  to  this  view,  I  At.  oxygen  =16  com- 

binrd  with  2  At.  hydrogen  =  2.1  =  2;  or   1  At.  oxygen  100  eombines 

with  2  At.  hydrojrtii  =  2.G*2a  =  12-.^.     This  view  rests  chiefly  on  the 

law  laid  tlowD  by  BerzeJius,  viz.  that  simple  subdances  in  t/t«  gaseous  stale        , 

■uf  rifti/jf-  numh'^rit  of  atoms  in  etjttai  cofu7Hfs.     Since  tlieu  iu  the  for-.^^H 

II  of  water  2volnuies  of  hydrogen  con\liine  with  1  volume  of  oxygen,*^^] 

Mice  according  to  the  law  just  stated,  2  vol.  hydrogen  contaiu  twico 

i  I, my  atoms  as  1  vol.  oxygen,  it  follows  that  ia  water  every  2  At. 

kyAtx>fS<an  must  ho  condiined  with    1  At.  oxygen.      If   1    eabic  Inch  of 

hvJ.osren  gas  contains  x  At,  hydrogen,  then  according  to  this  law,  1  cub. 

\vgcn  gas  will  contain  x  At.  oxygen;  according  to  this,  the  atomic 

Ills  of  the  2  bodicM  will  he  to  one  another  as  the  specific  gravities  of 

Hicji;  for  between  r  atom.s  of  the  two  gaseous  bodies  there  must  exist 

oj,ine  proportion  by  weight  as  between  1  atom  of  each  of  them.     The 

sGc  gravity  of  oxygen  gas  Is  16  times  aa  great  aw  that  of  hydrogen, 

therefore,  according  to  this  view,  the  atomic  wciglit  of  oxygen  must 

6  times  oj  great  as  that  of  hydrogen ;  and  iu  water  1  At.  oxygen 

fj  is  combined  with  2  At.   hydrogen  —  2.1  =  2;  or  1  At.  oxygen 

with  2  At.  hydrogen  =  2.  |  ^  I  if  the  atom  of  oxygen  be  repre- 

ed  by  8  and  that  of  hydrogen  by  J. 

*u  accordance  with  this  law,  ficrzelius  reckons  the  atomic  weights 

iilroi^i^n,  iodine,  Itromine,  chlorine  and  fluorine  at  only  half  the  value 

ch   from  oiiicr  conslderatioUB  they  appear  to  have.     If  the  apeeifie 

ity  of  hydrogen  gas  =  1,  that  of  oxygen  is  Ifi,  of  nitrogen  14,  of 

le-vapour   I2fl,  of  bromine  vapour  7ti'4,  of  chlorine  gas  35'4;  hence 

•irding  to  Ueraeliua  the  atomic  weight  of  oxygen  is  to  those  of  these 

fti  =  10  ;  14  :  126  :  TS'-l  :35'4  or  =8:7  :'63  ;  3D2  :  177.     In   the 

of  flimrinc,  whoso  .Hpeeific  gravity  in  the  ga«eous   state  is  not  yet 

I,  Ucrzelius  has  in  the  same  manner,  on  account  of  its  aiialogy  with 

im:-,  rc/lijced  the  atomic  weight  to  one-half  of  ttiat  tisu:il!y  given, 

Vgain.-it  this  it  must  be  alleged,  (1}  that  we  are  by  uo  means  eoni- 

"lo  ttduiit  the  above  law,  which  on  th«  contrary  is  in  direct  oppo- 
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sition  to  the  Peanlte  of  e*p«i-iin€'uta ;  and  (2)  that  Jt  obliges  as  to  mlmit 
the  existence  of  atoms  amaller  than  those  which  occur  in  any  known 
cozn}iouni],  or  th*ii  ia  consistent  with  the  manner  in  which  they  replace 
each  otber  'm  different  componnds,^ — and  leads  to  the  use  of  atomic  num- 
bets  much  larger  than  h  vecmsury. 

1.  According  to  the  atomic  theory,  every  gas  consists  of  ponderable 
atoms  eitrronnded  by  spheres  of  heat.  If  now  it  be  admitted  that  these 
heat-^heres  have  the  same  volume  (e^tpmal  pressure  and  temperature 
being  oqual)  in  all  ponderable  subetancps,  then  it  will  follow  that  ^1  gasea 
tBMt  contain  equal  numbers  of  atoms  in  equal  voltimes.  Bat  that  such  ft 
Hoppoeition  in  by  no  meiins  necesaary  ia  seen  at  once  from  thia, — that  with 
respect  to  compound  gtistH  the  law  in  question  is  sometimes  true,  some- 
time* false.  Thus  1  volume  of  hydrojEjen  gss  and  one  volnme  of  chlorine 
ga£  form  2  volumes  of  hydrochloric  acid  tras.  If  now  we  suppose  x  to  be 
the  number  of  atoms  in  each  volume  of  ihe  simple  gases,  then  by  the 
concnrreiico  of  all  the  individual  atoms  of  hydrogen  with  all  the  indivi- 
dual atoms  of  chlorinep  there  will  have  been  formed  .x  atoms  of  hydrochloric 
acid,  and  these  fill  up  the  spacp  of  2  measures:  consequently  the  two 
Tueasures  of  hydrwhloric  acid  gas  contain  the  g-anie  number  only  of  atoBU 
as  I  measure  of  hydro^n  gas  or  1  measure  of  chlorine  gaa ;  1  atom  of 
hydrochloric  acid  must  therefore  be  surrounded  by  a  heat-sphere  twice  as 
l&rgd  *6  that  which  eurrouuds  1  atom  of  chlorine  or  1  atom  of  hydro0f<ti. 
This  example  (many  others  will  afterwards  appear)  shows  that  the  above 
law  is  not  applicable  to  compound  gases ;  indeed  it  wa8  never  applied  to 
them.  We  see  also  from  the  same  example  that  there  is  no  necessity  for 
admitting  that  the  atoms  of  all  simple  substances  in  the  gaseoua  state  are 
surrounded  by  calorific  envelopes  or  heat-spheres  of  the  same  magnitude; 
but  just  ns  in  compound  bodies  these  envelopes  are  of  different  magiu- 
tudes  bearing  simple  relations  to  one  another,  so  likewise  may  it  be  th«^ 
cam  with  simple  aulwtances;  and  wo  may  therefore  suppose  that 
heat-spheres  which  surround  an  atom  of  hydrogen,  nitrogen,  w ' 
bromine,  or  chlorine  in  the  j^aseous  state  arc  twice  as  larg'e  • 
QXjg^D,  so  that  2  measures  of  their  gaaes  will  contain  just  the  ai 
uunilferof  atoms  as  1  raeaaure  of  oxyjren  gas.  Finally,  that  this  difforeij 
of  mngnitnde  in  the  heat-Rphcres  must  be  admitted  even  with  regard| 
simple  subtJtances,  and  consequently  that  the  above  law,  with  all  ihe 
sequences  deduced  from  it  respecting  the  atomic  numbers,  must  be  ah 
donod,  is  shown  by  the  determination  of  the  specific  gravities  of  mcrc^ 
and  sulphur  vapours.  The  atomic  weight  of  mercury  is  usnalty  L'i'i 
^  10r4  (oiygen  =  8)  and  it  is  assumed  that  the  red  oxide  contsiuiis  I, 
and  the  grey  oxide  2  atoms  of  metal  combined  with  1  atom  of  oxyjriji 
but  according  to  Dumas  thesp,  gr,  of  njercury  v.ipour  ia  a  little  more 
6  times  that  of  oxygen  gajs"  according  to  this  the  atomic  wcig-ht  of 
cury  should  be  =  507  (oxygBii  =  8),  and  the  red  oxide  of  mcrci" 
should  contain  2  and  the  grey  oxide  4  atoms  of  metal  for  every  atom  m 
oxygen. — which  last  priiportion  is  highly  improbable.  Again  the  aton  io 
weight  of  sulphur  is  universally  admitt«i  to  Ins  double  that  of  oxygt  i ; 
according  to  the  above  law  then,  the  specific  gravity  of  siilphur-vapo  ir 
should  bo  twice  as  tjreat  tu  that  of  oxygen  gas ;  but  tho  direct  expc  1- 
ment»  of  Unmasand  Mitwherlich  show  that  it  ia  6  titnc-"^  -^  .^r^.f  UAa 
ont  of  the  question  to  suppose,  merely  for  thia  reason.  alor  'C 

weight  of  siilpliur  is  6  times  that  of  .  -  -  •  -tz.  4?i,  win  u  v,  , n  —  ,"; 
tho  resulting  proportions  would   Ik-  ■  <)' 

account,  ugtwithstatiduig  the  great  den  ' 
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of  Hiilpliur  is  stiU   univoTsatly  admitted   to  be  <lonl>Io   that  of 

but  in  order  to  explain  this  departure  frotu  tLe  law,  it  la  aaaumcd 

ullierents  yf  that  law  tbat  cxcoptious  lo  it  are  more  likely  to  occur 

■poors  tliaa  in  the  more  permanent  gases,  and  tbat  sulplmr  in  the 

)  of  ft  beavy  vapour  is  perhaps  in  a.  peculiar  ieom«iio  condition  (for 

tttangea  which  sulphur  undergoes  when  heated  eee  Amorp/nsm,)  and 

if  we  could  eonvert  it  into  vapour  without  bringing  it  into  ibis 

liw  eondition  by  beating,  it  would  probahty  yield  a  lighter  rapour. 

Jiii  it  may  be  replied  thcit  the  diSerencB  between  vapours  and  gases  ib 

not  of  kind  but  only  of  degree,  and  the  law,  if  true,  must  bo  equally 

ieabl«  to  both ;  moreover  that  if  tbe  peculiar  isomeric  condition  of 

bur  in  tbo  state  of  vapour  be  admitted,  we  nmr  expect  that  oxygen 

le  state  of  gas  will  be  in  a  similar  isomeric  condition,  and  will  tuere- 

Id  a  gas  twice  as  much  condensed  as  that  obtained  from  tbd 

namber  of  elementary  bodies.     In  Bbort,  the  same  unltnown  oatisea 

e  of  which  1  volume  of  Eiilphur  vapour  contains  8  times  and  1 

of  hydrochloric  actd  ga»  uuly  half  &s  many  atome  as  1  volume  of 

n  gas,  nitrogen  gas,  &c.,  may  also  etfect  that  1  volume  of  oxygea 

ins  twiee  as  many  atoms. 

There  h  no  compound  containing  but  one  atom  of  hydrogen,  nitro- 

&c.,  as  small  as  that  adopted  by  Berielius;  neither  does  atiy  knowu 

fxjijiul  contain  3,  3,  7,  &c.,  but  always  2,  4,  C,  8,  &c.  of  such  atomji. 

<  makes    the  existence  of  such  small   atoms  improbable  and  their 

tlion  auperfluous   and  troublesome.     According  to  Berseliugj  if  tho 

Weight  of  oxygen  =  8,  that  of  hydrogen  must  =  ^,  of  nitrogen 

iodine  =  fiS,  of  bromine  =  39'2,  of  chlorine  =:  17"7,  and  of 

^  9-37.     But  3f>"2  potassium  which  unite  with  8  oxygen,  also 

th  2.  83  iodine,  2.  3ff2  bromine,  2.  17'7  chlorine,  and  2.  9-37 

Hence  2  atoms  of  these  bodies  are  required  to  replace  1  atom 

!i  in  combination  with  potassium  ;  or  2  atoms  of  these  bodies  arc 

valerit  of  1  atom  of  oxygen.     If  the  atoms  be  supposed  twice  as 

e  idea  of  an  atom  will  coincide  with  that  of  an  equivalent,  and 

u«iou  will  be  avoided.     According  to  Berieltua's  view,  however, 

teniu  must  often  be  distinguished  one  from  the  other.     These  con- 

,tif<nfl  havo  led  Berielius  to  introduce  tho  notion  of  douhk  aiomt, 

nble  atfuo  of  hydrogenj    nitrogen,  iodine,    bromine,  chlorine,  and 

e  corresponds  in  his  system  to  a  single  atom  of  these  bodies  as 

TO  considered  in  this  work. 

or  the  reaacms  favourable  to  Berzelius'e  view  founded  oil  the  specific 
of  the  tdementary  bodies,  see  the  chapter  on  Heat.] 

the  detcriiiiuation  of  atomic  weights^  the  following  principles  are 
y  ntiofiil  as  guides  : 

.  Let  it  bo  granted  Ihat  heterogeneous  substances  coediine  in  tho 
est  possible  numerical  jiroportions,  and  let  their  weights  \w  detcr- 

1  accordingly. — Thus,  hydrogen  being  assumed  ^  I,  and  therefore 
en  —  8,  thii  moht  suitable  numbor  that  can  bo  given  to  sulphur  is  16  : 

At.  oiilphur  will   then  combine  with  I    At.  hydrogen   to  form  qui- 
tted bydn>gen,  with   I  At.  oxygen  to  form   hyposulpliurous  acid, 

2  atoms  to  form  sulphurous,  and  with  3  to  form  sutphnrio  acid,  tSic, 
atomic  weight  of  sulphur  wore  made  =  48  according  to  the  spoeifio 

y  of  its  vapour,  then,  instead  of  the  preceding  relations,  wc  should, 
f  At.  sulphur  combined  with  3  hydrogen,  and  1  At.  eulpbur  with  3 

t)  oxygon. 

Let  BO  atomto  weights  l>e  admitted  smaller  than   those   which 
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_._lnally  accnr  m  cotnbiniitions.  This  principle  is  introdncetl  witli  esj 
cial  rekT<"iice  lo  tlic  sitomii-  wei^'hts  of  hytlrogou,  nitrogen,  iodine,  tromiue, 
chlorine,  ami  flunrine,  aUa[>ted  bv  Berzt'lixis,  but  it  ie  likwviso  of  use  willi 
rCjjfard  to  jihospLoruB,  arsenic,  aud  antimony. 

3.  Asa  )j«'m:nil  rule,  ttio  total  weight  of  the  atoms  comi^oaing  an  ■.*<■;. i 
mtust  bo  of  Bucli  aitiouut  that  the  conipound  atom  may  just  suffice  fur 
the  eAtitrntinu  of  one  iitoiii  of  a  salifiable  base. — ThuH,  1 6  sulphnr  and 
3,8  OXycen  form  40  snlphuric  acid,  and  ]03'8  lead  witli  8  oxygen  farm 
lll'S  oxide  of  lead;  now  40  fiiilphnric  arid  jast  satisfy  111-8  oxide 
of  lead.  If  saJphur,  on  account  of  the  8j>eeific  grarity  of  its  rapour, 
were  made  =  48,  these  48  parta  of  salpbur  with  72  of  oxygen  would 
form  120  ^iiilphtiric  am\,  and  these  would  saturate  3.111-8  jiarts,  there- 
fore .'1  atoms  of  oxide  of  load.  To  this  rule  there  are,  however,  certain 
itnmistakahle  exceptions,  which  render  it  neteasary  to  admit,  not  only 
mimobatic  acidd,  1  alotu  uf  which  satttratee  1  atom  of  a  baae,  bat  also 
bibasic.  Iribasic,  and  perhaps  even  yuartoWic  and  quintobaaic  acids,  1 
atom  of  whieh  saturates  2,  3,  or  moi-o  atom.'s  of  a  base. 

4.  WJion  a  metal  combines  with  oxygen  in  one  proportion  only,  to 
form  a  sidifiabSc  ba^c,  it  is  asaunied,  supposing  that  the  laws  of  Isomor^ 
phisfii  do  not  o|ip4j.se  the  assuinpttou,  that  the  cuiupound  rotitala};  equal 
nunil>ers  of  atonia  of  the  metal  and  of  oxy^cn.^ — Potash  contains  1  At., 
pftta-'sium  comlitned  with  1   At.  oxygen:    yellow  oxide  of  lead,    1  AlI 
lead  with  1  At.  oxygen.     When  a  metal  forma  a  number  of  salifiable 
ba*06  with  different  proportions  of  oxygen,  the  oxide  whieh  fonu^  th*^ 
strongest  base  is  to  be  regarded  a.3  cuntainiitg  the  metal  and  oxygen  inj 
equal  numbers  of  atonis.     The  protoxide  of  iron  is  a  stronger  base  thaa^ 
the  peroxide.     Now  since  in  the  former,  8  part?  of  oxygen  are  combined 
with  27 '2  of  iron,  the  atomic  weight  of  iron,  on  the  supposition  that  this 
oxide  containB  equal  numbers  of  atoms  of  the  metal  and  oxygen,  =:  27  2: 
in  the  peroxide  2.  27*2  iron  are  combined  with  3  .  8  oxygen,  or  2  At,  iron 
wilh  3  At.  oxygen.     If  the  peroxide  were  eupposed  to  eontain 
num1>er«  of  atoms  of  iron  and  oxvgen,  the  ntoratc  weight   of  iron 
be  181,  and  the  protoxide  would  contain  3  At.  iron  with  2  At.ntyc^^ 
Again,  the  red  oxide  of  mercury  is  a  stronger  Itaae  than  the  groy 
In  the  red  oxide,  S  parts  of  oxygen  are  combined  with  1 01  4  of  uiitrJ 
in  the  jrrey  oxide,  8   oxygen   with   202  8   mercury.      Accordini.'l ' 
atomic  weight  of  mereury  must  be  estimated  at   HIT '4,  the  red  1 
containing  1   At.  mercury,  and  the  grey  oxide  2  At,  mercury  cniuj 
with  1  At,  oxygen.     Tlio  case  is  precisely  similar  wiih  the  blaeh  ut 
oxides  of  copper,  excepting  that  the  atuiiiie  weight  of  copjier  is  ol 
ferent  amount,  v\t.,  =  31*8.     With   the  two  oxidoa  of  tin  tlio 
reversed,  the  lower  oxide  (5^  tin  +  8  oxygen)  being  the  stronger,  am 
higher  oxide  (jfl  tin  +  IC  oxygen)  the  weaker  base. 

5.  It  is  wu]iposed  that  substances  which  closely  resemble  one  aiij 
in  physical  and  chemical  properties,  combine  with  a  third  body,  aceol^jjaf 
to  the  same  number  of  atoms.     If  nickel  combines  with   oxygen  ill    " 
}>ro]iiirtion  of  1  : 1  and  2  ;  3  At,,  this  mudt  also  be  tbo  case  with  vq 
which  boars  so  very  closely  an  analogy  to  nickel. 

0.  IstiHiorphism  {q.  f.)  ia  of  the  greatest  imijortance  in  ibe  dr.tiii^,/,Tin.,l 
tion  of  atomic  coTistitutiun  and  atomic  weighta.      If  in  a  cr\  ,\| 

compound  one  substance  can  be  replaced  by  another  anuhii/otis  eii 
witliout  allcRition  of  cryetalUiio  form,  it  is  to  Ikj  supposed  that  tliiij'  ^ulj 
fttilntion  takes  place  according  to  equal  nnmlwrs  oftttouis.     If  then 
l»e  two  conijiounds  of  tbo  siimo  crystalline  form,  aad  containing 
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(aspects  tho  eamo  olcm^iila,  aecarding  to  tlio  same  uuinWrs  of  aloiiis, 
•K'ojttin?  that  our  ettittaius  tlio  Kiil(.-.t!inci:  A,  tin.'  ytlicr  llio  fJubBtiuice  11,  i 
au<]  tliejt'  aru  gruiitidd  fur  supjiosinjj  tliut  t!ie  former  cimtftins  I  At,  A,  or 
2  Al.  A.  d'C;  tliun  nho  uiust  it  be  admitted  tliiit  tbe  other  eompouud  coii- 
taiii8  1  A  L  B,  or  2  At.  B,  ic.  Tlierc  being  but  utie  eoriipuumi  of  aluiuiuum 
>jn><i  Kfxy^Ti,  viz.,  almn'iQA,  this  cninpuund  might  he  supposed  to  contain  1 
'At.  metal  +  1  At.  oxygen;  but  alumina  crystallizes  in  sapphire  in  acute 
rli'jnilndit'ilrons.  juat  like  tbosc  of  peroxido  of  iron  in  jjpccular  iron  ore  and 
uf  artilicially  prepared  oxide  uf  cbrumiuui.  These  last  mentioned  oiidos 
Corabinvd  with  siilpliuric  jn.'iJ.  pulasb,  !ind  water  also  fonii  regular  octohe- 
itmnf!,  just  as  alumiuadoes  in  common  alum  :  all  these  saltcii  contain  i  At. 
sulphiirif  acid,  1  At.  potash,  and  24  At.  water.  Alumina  ia  then  isomor- 
pLou»  with  these  oxidea,  and  must  therefore  be  made  up  of  the  eamo 
naniber  of  atoms.  Since  then,  aecording  to  Principle  4,  peroxide  of  iron 
is  sapposedtp  contain  2  At.  metiil  +  3  At.  oxyg;eH,  the  same  must  llke- 
viW  1)0  the  case  with  alumina.  Now  100  part.8  of  alumina  contain  53-31 
alominuiii  and  4()-G9  oxygen;  and  4G*69  :  ij3-3l  =  24  :  27 "4;  Lence  with 
24  (3  At)  oxygen  there  are  combined  27*4  {2  At.)  aluminum;  and  1  At, 
aluininnin  =  IS'?.  Again,  peroxide  of  tin  in  tin-etouc  crystallizeti  iu  the 
aame  fiinii  as  oxide  of  titanium  iu  rntile;  aud  t^iucc,  according  to  Prlti- 
opte  4,  it  was  a^umed  as  prohablo  that  peroxide  of  tin  contains  1  At. 
tin  with  2  At.  oxygen,  this  relation  must  also  he  eupposed  to  hold  good 
with  regard  to  oxide  of  titanium.  Black  oxide  of  copper  forms  coni- 
]>oitiid4  iwmorphous  with  the  analogous  conijiounda  of  mngnesia,  tixide  of 
xinc,  aud  protoxide  of  iron,  all  of  which  are  supposed  to  eontaiu  1  At. 
mptal  with  i  At.  oxygen;  f^uch  then  must  also  Ije  the  case  with  the  black 
ciicidv  t»f  cupper,  a  conclusion  agreeing  with  that  arrived  at  iu  4,  Further 
drrcliipineut  of  these  relations  will  Ije  found  under  the  head  of /^Mioc- 
pAi/nn. 

For  the  detenniuatiou  of  the  atomic  weights  of  simple  substaQCea  from 
tht'ir  -■iperKic  heata,  vid.  I/mt, 

'1  lie  following  table  of  the  atomic  weights  of  the  elementary  bodies  is 

fno:><k'J  almost  wholly  on  the  analyses  of  their  compourida  performed  by 

K<7  7.  Hiw,  a  labour  sm  difficult  a^  it  was  extcndvoj  by  which  Berzelius  has 

(I'd  an  everlasting  obligation  on  chemical  scieucc, 

'     luiiiu   A    eonUiius    the   names   of  the  simple   gubstances;    B  the 

»}  ;iiroduced  by  Borsclias  to  denote  tliom;  C  and  1)  the  atomic 

'  _^l4t. ,  LLose,  namely,  which  moat  proWbly  l>elong  to  the  several  bodies 

jrdin^totlic  priiiciplea  just  developed  ;  column  C,  in  which  the  atomic 

fcht  of  hydrogen  =  1  Li  that  which  will  be  uaed  in  jirefcreuce  in  this 

rk  ;  in  D  the  atomic  weight  of  oxygtu  —  100.     The  ecdunmfl  E  and  F 

ititiii  the  atomic  weighla  according  to  BerseliuB:;  in  E  the  atomic  weight 

li^idriigen   is  assumed  =:  0'5,  that  of  a  double  atom  of  hydrogen  =  1; 

«"  iho  atomic  weight  of  oxygen  in  put  =  100.     The  nambers  of  this 

coliinui  are  thos^c  which  are  adopted  by  the  majority  of  cliemiuta  after 

^cviMiiple  of  Berxelius.     The  attunlo  weighta  of  lanthanum  and  cerium 

ivfii    (iccurding   to    the  upiiroximtite  determination  of  F.  J,  Otto. 


diam.  Li/irf,.  1,  222.) 
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T\ie  discrepancies  between  the  numbers  in  C  D  ami  tliose  in  E  F  are 
Qxplatnetl  hy  the  following  considerntions.  In  C  D  it  i*  supiioeed  that  the 
atoinir  weight  of  axjgen  is  eiactlj  8  tiinea  llmt  of  hydrogen,  while  in 
E  F  ids  value  ts  8*01  timeB  (or  more  accurately  K"0083  limes)  that  of  the 
<li(ii>)le  ntoni  of  hyclrof^en:  also  in  C  D  llip  fractious  of  the  other  numbeia 
are  shurtencd  as  much  as  [m^siitte.  In  E  F  the  atomic  weights  of  hy- 
drogt-n,  iodine,  bromine,  chlorine,  fluorine,  and  nitrogen  are,  for  reasons 
atwve  ruentioned,  reduced  i>ne-ba!f.  In  C  D,  according  to  Pniuiple  2,  the 
atomic  weights  of  phoejdiorus,  arsenic,  and  antimony  are  doubted;  accord- 
mg  to  C  D,  the  phosphoric,  nr^euic,  and  antimonlc  acids  contain  5  At. 
oxygen  fvT  every  atom  of  pliojjphorua  or  metal;  according  to  EF  these 
■ciiltt  coottiin  2  At.  phosphorus  or  metal  for  every  .5  At,  axygcti.  In  C  U 
it  5«  Bupposed  that  gjneitia  and  zirconia  contain  1  At.  glueinum  or  jslrmi- 
tiitim  with  1  At.  oxygen:  in  E  F  they  contain  2  At.  metal  to  3  At, 
oxygvn.  In  C  D  it  ia  assumed  that  silica  contains  ]  At.  silicium,  com- 
bined with  2  At.  oxygen:  in  E  F,  I  At.  metal  with  3  At.  oxygen.  In 
C  a  it  IB  assumed,  as  was  formerly  supposed  by  Berzelioe!,  and  is  now 
regarded  by  him  sa  admissible,  that  oxide  of  bismuth  contains  3  At, 
oxygvD  to  every  2  At.  roelal:  in  E  F  it  is  supposed  to  contain  1  At, 
oxyg^tn  +  1  At.  metai. 

On  comparing  with  one  another  the  Dumbers  in  column  C,  we  obtatu 
the  following  results. 

1.  The  atomic  weights  of  the  other  simple  euhstances  are  in  many 
instauctifl  exact  umkiples  of  that  of  hydrogen,  e.  </.,  carbon,  oxygen, 
nitrogen,  sulphur,  suleqlmn,  strontium,  molybdenum,  &c.  Is  it  then  a  law 
<jf  nature,  an  Trout  and  Thonison  suppose,  that  the  atomic  weights  of  all 
the  elenienta  are  divisible  by  that  of  hydrogonT  If  wo  can  entertain  the 
notion  that  (here  is  but  one  primary-  ponderable  matter,  we  ninet  supposg 
Ihiil  body  to  be  hydrogen,  since  hydrogen  has  the  smallest  atoms:  and  it 
tuujit  further  be  suppo^  that  when  these  atoms  unite  in  different 
nambers  in  aqch  a  m^iDner  that  they  are  not  separable  by  any  method 
Tot  discovered,  they  produce  the  larger  and  heavier  atoms  of  the  other 
lioilic--^,  whose  atomic  weights  are  then  necessarily  divisible  by  that  of 
*~*ra^n.    But  the  atomic  weigltta  of  most  bodies  exhibit  deviations  from 

I«w  of  iiMcli  tiiagnittade  that  Berzeliua  regards  the  occasional  near 
:TiiiIdIily  of  those  wcight^s  by  that  of  hydrogen  aa  merely  accidental; 
tnd)N>d.  a<>»rdiiig  to  hiui,  they  are  never  fxactlif  divisible,  ae  may  be  seen 
by  'Jii  of  columiJM  E,  F.     Nevertheless  the  later  experimenta  of 

I'l  Sta-is  {J  nn.  VAtm.  PAf/s.  76,  1),  which  give  the  atomic  weight 

()t  Gkiixju  exactly  =  0,  and  those  of  Licbig  and  Redtetibacher  (Ann. 
Pharm.  38,  113),  which  make  it  =  fl'CI88,  ehow  that  the  (question  is  not 
jat  decidxd. 

2.  Thi>  elements  may  be  arranged  in  groups,  the  members  of  which 
exkibil  siitiihir  phyatcal  and  chemical  relations.  Whether,  as  D&bereiner 
nij)ft<kse«  iPo'j'f.  ts,  301),  euch  groups  necessarily  consist  of  3  elements 
ftmagicd  in  a  triad,  is  a  question  which  wo  shall  not  undertake  to  de- 
tiilff.  The  atomic  woightft  of  such  corresponding  elements  usually  bear  a 
■irapU)  relation  to  each  other:  sometimes  they  are  nearly  equal,  aome- 
Utn«*  rxnct  nmltiplea  one  of  another,  or  at  all  events  increasing  in  Borae 
•anpl«i  [jroportion.  The  following  are  similar  to  one  anotbtJt  aud  Imre 
lii'!iili/f..iiiil  atomic  woighls:  chromium  28'1,  nuingancee  27  6,  and  iron 
j:  I  2!:»(}  and  nickel  2litl ;  aiuc  322,  copper  31*8;  platinum 
f» III   1)8-7,  and  imninm  f>!>-fl.     The  atomic  weight^s  of  oxygen, 

I  ir,  i^lcnium,  tellurium,  and  antimony  are  8,  10,  40,  04,  129,  thero- 
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rorc  as  I  ;  2  :  .1  :  8  :  Ifi.  Tlie  ntuniic  weights  of  fluf>rinC|,  clilorin^.  bro- 
mine, ttinl  IimHui.'  lire  18-T,  'Vri,  7S-4,  ami  I2(i,  wliicii  arc  nt'iirly  a« 
2  :  4  :  y  ;  J  4.     Again,  luilf  tlio  sum  yf  the  atomic  vreigbu  of  cblorine  and 

=  gO-7,   and   we  fiu^ 


95-4  +  126 


iocliae  give«  oeArlj  tbnt  of  bromiiie, 

thftt  bramlue,  in  all  its  phj^sical  atiJ  chemical  rclitious,  holds  the  initiillo 

place  between  chlarlDe  and  iudiue.      The  atomic   'tr^eigbta    ctf   lithitint, 

....                                    .                  ,  6-4  +  39-2 
sodium,  and  potassium  are  6'4,  23'2,  and  39'2;  and ^  22'8; 

the  atomic  weight  of  podium  is  therefore  almost  cxnctly  the  meiui  Imv 

twccn  ilime  of  litbiuiti  And  pottu'^iuni,  just  as  sotliiiiii  in  other  respcels 
holds  tiio  niiihllo  jiljicc  belwMn  lithium  and  potafejiiuni,  TI»o  ntuniie 
"Weights  of  niagiic^iurH,  cali-ium,  strontium,  ami  bnritim,  arc  12*7,  2I>"5, 
44,  nnd  i)8*6;  therefon*,  rearly  aa  3  :5  :  11  :  17:  ii>  ihi."  iiisian«-c  also 
by  uiltling  tliP  ntomif  wcijrht^  uf  barium  and  calcium,  and  diviilin<;  by 
2,  we  get  nearly  tinj  atomic  weight  of  strontium,  an  clement  which  in 
all    iU  other  reiatinua   la  intermediate   between  barinui   «ud   calcium: 

.T      -  ^  ^  44'5.5.      Tlic  atomic  weight  of  lanthanum  is  nearly  3 

times  tlmi  of  mnjfneaium.  The  atomic  weights  of  siiieinm,  lirconiuni, 
and  thorium  are  14  8,  22-4,  .')!),  which  =  2  :  3  :  S  nearly.  Those  of  tits- 
nium^  molybdeniim,  tunt.-sten,  and  tantaliam  are  24*.'>,  48,  35,  185  = 
1  :  2  ;  4  :  8  nearly.  The  atomic  weight  of  manganese  h  27*6,  of  uranium 
917,  which  =  1  ;  8  nearly.  TJtat  of  chromium  is  28-1,  of  vanadium  CSii, 
nearly  =2:5.  That  of  phosphorus  31*4  +  that  of  arsenic  7i>'2  gives 
lOfVfi,  nearly  that  of  bismuth  106-4.  Tliat  of  palladium  is  53'4,  of  eilrer 
lOS'l.  nearly  =1:2.  Even  if  some  of  thcsu  relations  should  hv  acci- 
dental, iuhI  dissipjiear  wlien  the  utumic  weights  are  determined  with 
groiiti-r  precision,  it  may,  on  the  other  hand,  be  expected  that  the  greater 
number  of  them  will,  in  such  caBe,  come  out  with  mathematical  exact- 
ness. 

RRLATtOKe    BETWEEN    THE   ArOHIC   WkIOUTS   OP   SlMFLB  SllflSTi; 
AND    TUKIlt    Sl'ECll'lC    GllAVlTlES. 

The  greater  the  niindjer  of  atoms  of  a  body  in  a  given  Bpacc,  and  tfie 
greater  the  weight  of  those  ntums,  the  greater  must  be  the  apetifie  ,L'rft»-ity 
of  the  body;  hence  the  specific  gravity  i*i  the  proiluct  of  the  titomic 
numlier  and  the  atomic  weiglitj  and  the  epecifio  j^'ravity  divide<l  by  the 
atomic  weight  gives  the  Atumic  Hwm'xr,  that  U  lo  say,  the  niimbe}'  o/'ntoui* 
in  a  given  vofiime.  With  bodies  which  contain  equal  numbers  of  atoms  , 
ill  pqaal  volumes,  the  specific  gravity  muflt  vary  as  the  atomic  weight. 

1.  In  Elastic  Flmdi.  \ 

The    atomic  weight  of  elastic  fluida,  whether  permanent  ga*^  e« 
vapuurs,  Iteara  a  Kimple  relation  to  their  sjwcific  sravity,  that  of  ai^r ^  1, 
and  pressure  and  tempenitare  l»eing  conatant.     The  following  tabj'^  con- 
taiiia   ill   culumn  A   the  names  of  certain  elements,  in  B  their   s^itMnic 
weigiitii.  io  C  the   fipecific  gravities  of  their  gases,  in  D   their   J  atomic 
numWrsj  obtained  by  dividing  the  sp.  gr.  by  the  atomic  weight;  E*^  gives  I 
the  reiliiced  atomic  nnmber  obtained  on  the  siijtiio^ition  that  1  vohifuic  ofj 
hydrogen  giJ3  contains  1  atom  of  hydrogen.  l|ie  lumilx-rs  in   tliis  c<,  ilaTOH 
being  the  tjiiotients  wbtuincd  by  dividing  the  sevcnU  uuiiiberss  in  colui'im  " 
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by  tb©  atomic  nnmber  of  Uytlrogen  =  0-0693.  Tbo  laat  column  F  giv<!'s 
tne  5T>erif3<i  gravities  of  tbo  gases,  that  of  bydro/^en  =  1,  by  wbicb  tbo 
simple  rL-liitiun  between  the  epecifJc  gravity  and  t!ic  a.toiiiic  weigbt  be- 
comes still  more  apparent. 


A 

B 

AtoBvic 

weigtt. 

C 

Sp.  gr. 

Air=l. 

D 

Atomic 

number. 

E 

Reduced 
Atomic 
nuuilitir. 

F 

Sp.  gr. 
Hyiieagen 
gas=l. 

Svlfthv  

nioipbonu 

Anenic     , 

Oijgrtl     

If  ^uTOfCQ      .  .  t  •  «  ^ 

loiline 

Bromine 

CbluilDt! 

Niti-o^fn , . 

IMrrcdry 

31-1 

75-2 

« 

1 

126 

7B-4 

3S-4 

U 

101  4 

G-OOOl) 
4-JU'tiO 

i-ioga 

0-0693 

8-;iijn 

iiJiOO 
0-!)-06 

0'4312 
UIJ08 
0U2,t 
01388 
O-ftflM 
(Itt691 
O'«r09 
ll-(l(i93 

0-0089 

6 

2 

2 
2 

1 
1 

! 

1 

06 

63-8 

150  4 

16 

1 

lar. 

7B-4 
35-4 
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According  to  this  tabic  clernetitary  budii^s  in  the  gaseous  state  contnin 
in  n  given  volume  eitbcr  1  .  j;  or  2  .  x  or  fi  .  jr  at<jiji8.  Hcuco  they  may 
tw  cLiviJeil  into  the  followinj;  classes, 

a,  Jlexat&mic  (/as.     Sulphur, 

b.  Diatomic  gwie4.     Plioqiliorua,  artieuic,  oxygen. 
f,  Jfotuitomie  gasfs.     Hydrof.'en,  iodine,  bromino,  cblorino,  nitrogen, 

nwficHry. 

In  compoand  elastic  Jiuids  we  abo  meet  with  ,|^,  |,  ^,  and  ^^-atotuic 

l^ien  a  body  asstinies  tbe  gaseous  atat^,  its  atoms  become  surrounded 
trilb  bcat-s}dierefi,  whoyo  volumes  are  as  1  {in  the  6-alomic  ;i;uses),'  3  (in 
tbe  2-sitoniie  gases);  6  (in  the  1-atoraic  gasea);  9  (in  tbo  ^-atomic  gasei); 
12  (in  tlie  ^-atomic  gases);  18  {in  the  i-atomic  g»see)j  24  (in  the  ^-atomic 
ganc(.  Hence  tbe  inagnitado  of  the  ga^-spberes  increases  in  the  einipio 
prujtoriion  of  1  :  3  :  6  :  0  :  12  :  18  :  24.  The  smaller  the  gaa-spherea  of 
iiiiy  snbtfitnce,  tlie  greater  will  be  the  number  of  tLem  tontaluetl  in  a 
L'  '*,  e.  g.^  of  tbe  gaii-spheree  of  eulphur  6  times  as  many  33  of  tbo 

;;  of  hydrogen,  wbieli  are  6  times  aa  large.     The  cause  of  tUo 

diUf  rent  luaguitude  of  the  calorific  envclopea  in  different  substancea  v 
not  known. 

The  Inut  C(dnnin  of  tbe  table,  in  which  tbo  ap.  gr.  of  hydrogen  =:  1, 
Jiown  thai  iu  all  iixmatoniic  gnses  thcspeciCe  gmvity  andatoinio  weight 
»incide,  becaii«o  the  np.  gr.  <if  hydrogen  which  helouga  to  this  class  is 
Haiucd  =  I ;  also  that  the  ap.  gr.  of  the  2-atomic  gaees  is  twice,  and 
that  cf  the  O-atotnii-  gaaes  G  times  txa  great  aa  the  atomic  weight. 

In  order  t4i  bring  together  two  gaseoujfi  bodies  iii  equal  niimliCrB  of 
BtoniN,  equal  vultinie«  of  the  gases  mnst  be  taken  if  the  gasea  belong  to 
the  tmmo  cla«*i;  but  if  one  of  them  contains  more  atomss  than  llic  other  tn 
the  same  volume,  thoii  a  larger  voltuno  of  the  latter  mut^t  be  taken  than 
of  th>'  rormer;  c.  y.,  equal  nicasurea  of  hydrogen  and  chlorine  gases 
l",-.'tiise  bntli  are  inouatoniic:  on  ttic  contrary,  2  measures  of  hydrogen  and 
1  ,,i ,.-. I (ho  first  i«  nHmnUmiit:  and  the  ecmiul  ^-atomic;  simi- 
larly. ■  Uvdrrigen  giiM  and  1  of  Hulpbiir-vapour,  iH'canso  tbo 
fiinmri.-  ni'u.  >:  -l,.,.;  :ind  the  Intter G-atoiuic,  &c.  &c.     If  it  were  rcfiuircd 
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to  dix  1  atom  of  one  gas  with  S,  S,  4,  or  a  greats  number  of  atoms 
the  other,  or  2  with  3,  then  in  the  caae  tif  guaee  of  the  same  cl)u«,  ill 
would  be  necessary  to  mix  thetii  in  the  correspoudinp  projiortioita  by] 
voluiDC  of  1  : 2,  3,  4  .  .  .  .,  or  2  : 3  as  the  case  migbt  he:  iJf  the  eajtw ' 
-were  of  diifetcDt  claeses,  the  yolutue  of  that  ^as  which  cootained  Uie 
emallar  number  of  ntoraH  would  require  to  be  multiplied  hy  a  correspond- 
ing faotor.     Thus  1  At.  sulphur  4-  2  At.  oxygen  form  sulphurous  acid; 
hut  since  sulphur-vapour  containB  3  times  as  many  atoma  as  oxygon  gas, 

1  voluuio  of  sulphur-vapour  wilt  reiiuiro  3  .  2  =  G  volumes  uf  oxygen  ga*. 
It  appears  from  this  that  all  tombinations  of  gaaeous  bodies  take  plno«J 
acfording  to  simple  proportions  by  volume;  the  proportions   actually  ob-j 
sorved  arc  as  followa:  1  :  ),  1:3,  1:3,   1:4  (nitrogen  and  hydrogen  inj 
ammonia);  1  :  6,  1  :  9  (sulphur  vapour  and  oxygen  gas  in  sulphuric  acid)  J 

2  :  3  (nitrogen  and  oxvgeu  in  nitrous  acid);  2  ;  o  (nitrogen  and  oxygen  inl 
Qilrio  acidj;  2  :7  (chlorine  and  oxygen  in  hyperebloric  acid);  auJ  3  :  4.1 
(oxygen  and  nitric  oxide  gases  to  form  nitric  aeid).  The  caaes  not  bcrsf 
epocinod  will  be  found  in  the  table,  page  CT. 

Almost  ail  bodies  may  he  brouv'bt  into  the  j,tuicoufi  state  by  clevationl 
of  temperature,  and  there  can  be  ni.i  doubt  tLnt  those  in  which  this  cbangol 
has  not  \ct  been  eflbcted,  merely  require  a  higher  temperature  than  wej 
have  yet  been  able  to  produce, — and  that  these  more  refrw:tory  bodie^ 
would,  when  in  the  gaaeoua  state,  exhibit  the  £ame  simple  relatioiu 
Bpooific  gravity  and  atomic  weight  as  the  more  volatile.     Hence  wo  ami 
able  to  form  a  probable  estimate  of  the  specific  gravity  which  would  lie- 1 
long  in  the  gaseuuB  state,  even  to  those  bodies  which  either  have  nut  booaj 
brought  into  that  state  at  all,  or  require  so  high  a  temponiture  to  eubliina 
them  as  to  render  it  iiiipoBBih1i>  to  determine  the  specjfic  gravity  of  thuir  ' 
vapours.     For  example,  carbonic  oxide  consists  of  G  parts  (1   At.)  of 
carbon  and  8  parts  (1  At.)  of  oxygen;  cArhonic  aeid  of  (»  parts  of  cariioii  i 
and  IG  parta  (2  At.)  of  oxygen.     If  now  we  aaaume,  as  is  most  prolahle,! 
that  (^rboa  vapour  like  hydrogen  gae  belongs  to  the  clasa  of  monatomie  i 
gasoa,  and  accordingly  that  carbonio  oxide gns  containn  2  measur{u,  and  ma- 
bonio  acid  1  measure  of  carbon  vapour  combined  with  I  measure  of  oxygen 
gas,  then  tho  sp,  gr.  of  tixygcn  gjia  will  bo  to  that  of  carbon  vapouf  ss 
16  ;  C  =  I'lOaS  ;  041G;  that  is  to  say, — if  at  a  temiicrature  and  pre 
at  which  carbon  can  exist  in  a  state  of  vapour,  1  vol.  of  air  weighs  I 
then  at  the  same  temperature  aud  pressure,  1  vol.  of  oivv." 
weigh  11093,  and  I  vol.  of  carbon  vapour  0-416.     If  on  tin   uiUr  hMoA' 
wo  tupposo  that  carbon  vapour  ia  like  oxygen,  a  2-atomic  gas,  tli.-n  car- 
bonic oxide,  which  contains  equal  number.'^  of  atoms  of  the  two  liodies. 
tnust  also  cod tajti  equal  volumes,  and  in  carbonic  acid  there  will    1i«  2 
vol.  of  oxygen  combined  with  1  vol.  of  carbon  vapour;  on  this  hypottiMU 
we  have,  sp.  gr.  of  oxygon  gas  :  sp,  gr.  of  carlwn  vapour  =  8  :  Ji    ' 
1-1033:  0-832. 

2,  In  Sotid»  and  Liquids. 
In  theso  etatee  of  matter,  simple  relations  between  specific  gravity 
Md  atomic  weight  are  for  many  roaeons  less  frequent. — The  larger  the 
btonis  of  a  body,  the  fewer  of  them  will  there  be  required  to  fill  si  gtvon 
8paoe,  unless  the  inten-als  are  jliminished  in  the  same  proportion.  '  Dif- 
ference of  cohesion  produces  different  degrees  of  apprftximation  ia  flw 
atoms,  and  thereby  aiuscs  the  magnitude  of  tho  intervals  to  vwy. 
Moreover,  the  iutervals  may  vary  in  widtli  in  the  same  aubatanre  :  thu*. 
A  metai  cooled  after  melting  ia  lighter  than  the  same  metal  afUr  it  hon 


I>een  bamniere<I.  FiunUy,  one  lw>dy  exparxla  more  by  boat  than  another. 
All  llicfie  dtfiturhjn;^'  causes,  ■which  prevent  the  existence  of  any  exact 
roi»tiun  h>etween  atomic  wefgiit  and  specific  gravity,  are  ab.^eut  in  gaseous 
Im»Uo»:  in  tJiese  the  size  of  the  atoms  is  eu  ematl  in  comparison  with  that 
of  the  heat-sphcrcs  that  it  need  not  be  taken  into  considwriition;  nioro- 
oircr,  cobesioti  is  in  gases  completely  overcome,  ».7nl  they  all  exp&nd 
efjuatly  with  equal  increnientii  ul'heat. 

The  following  table  ifi  arranged  in.  tlio  Baiiie  manner  as  the  kat. — 
Column  A :  the  simple  substances  taken  In  order  according  as  (heir  iitoinic 
nnmher?  for  the  *anie  vilumc  diminish.  Column  B:  thoir  atomic  weights, 
Column  C:  their  spet.'ilic  gravities  in  the  liquid  or  solid  state,  thai  of 
water  =  rOOU;  in  the  case  nf  the  motaU  the  ap.  gr.  are  those  which  they 
pnc«cM  after  fiidivn  and  scdidifieutiou,  not  after  hammering^.  Cidumn  I>: 
the  quotient  obtained  by  dividing  the  spocifSc  jjravily  by  the  atomto 
weight,  that  is  to  say.  tho  iitoniia  number.  Colnnin  E:  the  quotients  in 
column  D  nuiltiplied  by  770  (iiir  being  770  Itmos  lighter  tlmn  wat«r)  in 
order  to  render  the  atomic  nuiiihers  of  this  table  compantbie  with  tlioso 
f>f  tho  fiirrner,  in  which  tho  sp,  gr.  of  air  w*m  iwsiimed  =:  I'OOO.  Co- 
Inpin  F:  the  atomic  Duu;bers  nf  coliinia  E  iliridod  by  (lOfUKl;  tho  column 
F  of  the  present  table  is  Ihue  mude  to  harmonize  with  column  K  of  the 
firccedinif:  it  gives  the  number  of  atoms  of  a  liquid  or  eolid  body  con- 
lained  in  a  «pace  which  woubl  Include  1  utom  of  hydrogen,  Column 
r,  t\.,^  nnnibors  taken  from  colnnin  F  of  tho  former  table,  and  jeiving 
<-d  Atomic  niimlier  of  u  body  in  the  gaiicouij  state,  1  volume  of 
Lj'-^-u—*  gw  boing  fiuppfwed  to  cootain  1  attun  of  hydrogen. 
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A 

B 

Atomic 

weight. 

C 

Specific 
grarity. 

D                E                 F               G 
Atomic  Nuralier. 

t 

Water  =1. 

Air=l. 

Reduced. 

In  the 
stale. 

1                                   < 

DMomth •  .. 

Art«nic    

Phfisphonw  . .  • . 
ADtimonf     .... 

Scxltutn     

Untnium 

Iodine  ........ 

Bromine 

Clilorioe  ,,,,.. 
Fotuiliuii   .... 
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60-984 
42-889 
39<9Ga 
32-263 
31-955 
30-261 
29-260 

28-g.w 

17017 

1024 
880 
619 
576 
466 
461 
437 
422 
416 
243i 

2 
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1 

By  examining  this  table  we  arrive  fit  tlie  followitig  results  ; — 
1,  Equal  volumca  of  different  l(r|ni(l  and  solid  bodies  contain  very 
dil!'L-ront  ti  umbers  of  ataniB.     If]  cubic  incli  uf  hydrogen  gas  contains  1  .  x 
At.  Uydrogen,  tbcu  1  cab.  in,  potassitijn  contains  245  ,  ar  At,  pot»«siuni,  and 
1  cnb.  in.  ditnuond  64S1 .  x  At.  carbon.  Of  ull  lii|iiida.nd»olid  bodiefi  potaft- 
sinm  ha^  ilie  smallest  and  cnrbou  tlie  ^rrmt^^t  (2T  times  as  ^etit)  atomic 
number.     Tbis  great  diversity  in  tlie  atomic  uitmbers  i$  jicrLaps  to  be  ex- 
plained ;  (a)  from  difference  of  niagnitiule  in  the  atoms  tbomselvea.- — Tho  < 
greater  the  weiglit,  and  thereforu  also  tbe  manrnitude  of  tlie  atoraa,  tbo  I 
smaller  must  be  tbe  number  of  them  which  sit  equal  intervals  can  be  di^pi^^^ed  I 
in  a  givGU  space.     This  is  perhaps  one  of  the  ciiiises  why  uranium  wbicli 
has  60  larg«  Ati  atomic  weight  should  havo  so  $niull  an  atomic  nutnber  ;  < 
why  sodium,  whose  atonjic  weight  is  not  much  nmro  than  half  that  of  I 
[H>tasEiuni,  has  an  atomic   number  nearly  twice  as  great.     The  grot . 
atomic  number  of  carbon  may  likewise  partly  arise  from  tlic  i^niallnMs^i 
ltd  atom;?,     (6.)  Prom  difference  in   the    force  of  attraction  (Cohesioo)  I 
between  the  atoms. — The  hardest  of  all  anbstanccs,  tho  diamond,  is  Br&>  < 
oisely  that  which  containa  the  greatest  number  of  atoms    in   a    gtran 
volume :  either  then  its  great  cohesion  is  the  couscquotirc  of  tliu  cloee 
approximation,  of  ita  atoma,  or  thig  close  approximation  a  consequence 
of  their  great  cohesion  ;  or  possibly,  the  strong  attraction  of  the  panicles 
for  one  another,  toother  with  the  close  apprnxinmtion  thereby  ijroduced,; 
maybe  tho  cause  of  the  great  tenacity  and  hafdnej*3  of  the  diamood. 
Tbe  other  bodies  likewise  follow  nearly  in  tho  order  of  their  cohesion, 
and  the  soft  metal  [wtasaium  terminates  the  series,     (f.)  From  the  dif- 
ferent affinities  of  tho  atoma  for  heat. — The  stronger  this  affinity,  the  { 
greater  will  be  the  utianlity  of  beat  collected  in  the  pores,  and  tho  mofe 
widely  therefore  will  the  atoms  be  kept  asunder.     A  greater  attraction 
for  heat  implies  also  a  greater  inclinatifm  to  assume  the  gaseous  state. 
Accordingly,  the   less   volatile   bodies,    those   namely   which    have   tlie  I 
smallcBt  attraction  for  heat,  such    as  carbon  ami  the  more  refractoiy 
metals,  exhibit  larger  atomic  nundjcra  than  .■sulphur,  selenium,  phospfaQ. 
riis,  iodine,  bromine,  chlorine,  and  the  volatile  metals.     Tho  only  excep- 
tions to  this  rule  ,nre  zinc  and  the  very  refractory  metals,  uranium,  golo, 
silver,  and  osininm,     In  a  similar  miinner,  as  will  afterwards  bu  ehown 
(vid.  Heitf),  the  s|>ef!(ic  heat  of  bodies  is  greater,  cvio'is  pririfjug,  hi  pro- 
I*ortioii  as  thoy  have  fvn-cr  atom?  tn  a  gi\cn  space  and  therefore  'rrcator 
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^  tterrals  between  them.  Lastly,  tlie  eiceptions  juet  noticed  and  othors 
kko  show  that  tbc  tkroo  causes  hero  cotisi<lerodj  viz.,  tho  size  of  the  atoinst, 
.their  cohesion,  and  tbeir  attmciiob  for  Leat^  are  not  tbo  only  ones  liy 
^hich  the  atomic  Tjumbcra  are  affected. 

2.  Many  elements  poBseawd  of  similar  propeFties  have  their  atomic 
mbere  nearly  equal ;  «.  g.,  nickel,  manganese,  cobalt,  and  iron  (of 
lich  that  of  tlie  diamond  is  double)  j  platinum,  palladium,  and  rhodium  ; 

Itanium  and  ehroTuitim;  tungsten  and  molybdenum;  silver  and  gold; 
"botfohorus  and  antimony;  iodine,  hromine,  and  eblorine.  Tho  ntoniic 
■atnhoTS  of  some  substances  are  also  simple  nuiltiplca  of  others  of  etmilar 
Kntarc;  that  of  copper  is  nearly  double  that  of  mercury:  that  of  zinc 
double  that  of  lead;  of  ai-senic  1^  times  that  of  antimony;  of  soiliun] 
Dearly  twice  that  of  potassium. 

3.  On  comparing  the  atomic  numbers  of  one  and  the  same  eid>staneo 
iu  ita  paseons  (column  G)  and  in  its  liq^uid  or  solid  atato  (column  F),  wo 
Itavc  the  following  results;— A  apace  whieti  contains  1  At.  eblorine  iu 
the  gaseous  state  will  hold  418  atoms  of  liquid  chlorine;  bence  chlorine 
in  parsing  from  the  liquid  to  the  gaseous  state  at  a  temperature  CC.  and 
a  pressure  of  076  metres  {=■  30  inches)  is  expanded  to  418  timos  its 
voliimc.  In  the  ca'^e  of  bromine  the  expansion  amounts  to  422  times,  of 
iodine  437,  of  phosphorus  309,  of  arsenic  440,  of  sulphur  231,  of  inemiry 
1 1'^'.,  and  of  carbon  (if  ite  vapour  he  regarded  as  a  monatomic  giia)  to 

t64*^l  tiniew  its  volume.  The  great  diiferences  between  these  nunilicrs 
bovr  the  utter  groumMettsness  of  the  law  which  Peraoz  {Chim,  Moier. 
J54)  thought  he  had  discovered,  vi^,,  tbst  all  pabstauccs  both  simple 
ttd  compound,  in  passing  from  the  gaseous  to  the  liquid  or  solid  state, 
"Brg<«  the  same  amount  of  condensation.  The  specific  gravities  calcu- 
lacconling  to  this  law  appear  to  coincide  with  the  result*  of  obser- 
kiion,  only  because  Pereoz  regarded  the  vapours  of  sulphur  and  phos- 
IjoTuji  as  monatomic  gases,  and  snppo«;d  that  the  sp,  gr.  of  sulphur 
letcruiincd  by  experiment  was  not  2  but  1'8,  taking  also  for  thttt  of 
!«iie  the  totally  incorrect  number  83  determined  by  Bergman,  aud 
g  Mnoc  rectified  by  Lavoisier,  Guihourtj  Karaten,  and  Hempath. 

4.  Since  liquid  and  solid  bodies  rarely  cuutatn  equal  uuniberB  of 
nionis  ill  equal  volumei;,  they  exhibit  no  tendency  to  combine  iu  thoBO 
»rmpl<'  pr'iimrfiuna  by  volume  which  invariably  hold  good  in  the  combi- 

iv  If,  for  oxample,  wc  would  combine  1  cub.  in,  of  sulplmr 

Ml,  of  lead,  wo  should  have  t"  bring  together  1388  .  x  At. 
Ipiiur  and  l^ljt.r  At.  lead,  and  since  thcso  lutdics  eontbine  in  equal 
kbtnbora  of  atoms  ihore  would  remain  170.  j- At,  .^ulpbur  uuconibined. 
Tbi!  differences  of  the  atomic  numbers  in  the  tabic  are  such  that  even  by 
■loUipIying  the  volume  of  a  body  by  1^,  1^,  2,  2^,  3,  4,  &c ,  no  exaot 
jatiuns  would  rcsidt.  If,  moreover,  it  be  considered  (hnt  the  s.nmo 
.  according  ais  its  density  has  or  has  not  been  increa*ed  by  hammer- 
Bust  have  a  ditferent  atomic  nundrer,  and  again  that  diti'crent  suli- 
when  heated  expand  in  various  degrees,  ao  that  a  proportion  by 
Inno  correctly  determined  at  one  temperature  would  bo  incorrect  at 
MT  other,  it  will  be  evident  that  tho  endeavours  of  Meinocke  (C/iemt*- 
Afrfihitmt}  and  of  Frerc  do  Montizou  (/Inn.  CAim.  I'h/s.  7,7,)  to 
>rcr  *ini]ilc  rotations  by  volume  in  the  combinations  of  liquid  and 
"  bodies  iHust  npcessurily  ha\'o  led  to  no  result  whatever. 
The  tn-cftlM  Atomic  volmnr.  It  is  inconsistent  witli  the  atomic  theory 
KniifMisu  that  tho  space  which  a  liody  occupies  is  couqdctcly  filled 
it.     l'\>r  the  laws  of  gravitatioa  oblige  us  to  assign  the  isamo  t^jiecilic 
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gravity  to  tbe  atoins  of  dilTereut  substiuices^  and  cniueqtiently  to 

pcMie  tliat  the  different  weij^lits  of  these  atoms  are  due  to  diuei 
inagtiitiide;  «■.?.,  that  an  atom  uf  ilouyo  weight  ninat  also  be  of 
vdltimc.     It  follows  fro]u  tliis  that  the  spocific  gravitiea  of  different 
tsUmtxa  must  dcMiend  upon  tbo  niagaitude  nf  the  ^pacca  existing  Etrnwc 
their  atoms.     These  atoina   luiist  he  regarded  us   itniK-iictrable  and 
uualterahle  rdunie,  and  tlie  expa-iijiiou  of  a  hndy  by  lient  or  by  diml 
niition  uf  external  preesuro,  na  well  UB  it«  contraction  by  cooliDg  of  Ig 
(treaMO  of  pressure,  as  |«roeuoiliDg  from  an  cuUrgettieut  or  diniiaiitioo 
tlio  interveiiiug  spaces.     In  oppusitioa  to  thia  view,  which  follows  nlinc 
of  necessity  from  the  hyjiothesis  of  atomSj  Lg  Royer  aud  Dumaa  {J.  /'A» 
92,  40S>)  and  more  lately  Grahara  and  Kopp,  conceive  tlml  the  upac 
wbidj  a  body  occupies  is  completely  filled  by  atoms  without  any  intei 
veiiin;;  spaces.     According  to  thia  hypothesiSj  the  specific  giuvity  of  i 
Imdy  multiplied  by  the  volume  of  its  atom*,  must  ^ive  the  atomic  weijuhl 
(for  tbo  greater  tbo  sp.  gr.  of  any  substance  nnd  tTioreforo — according 
thia  view — of  its  atoms,  and  the  greater  their  volume,  the  greater  also  mu 
be  their  weight).     Conversely,    when    the   iitomie   weight  and   specifi^ 
jrravity  are  known,  the  volume  of  the  afonui  will  l>e  found  by  dividing  tlifl 
llrat  by  the  second.     Thus  the  atomio  weiglit  of  carbon  =  fl  divided  bj 
the  specific  gravity  of  the  diamond  =.  3'5  will  give  the  atomio  volaiue  ' 
carbon  ^  l""14;    and  the  atomic  weight  of  potaseium  =  3y2  diridad] 
by  its  ap.  gr,  =  0-865  gives  its  atomic  volume  =  45'32-     If  now  th« 
nunibera  lie  compared  with  the  atomic  numbora  of  carbon  and  potassit 
iu  column  D,  it  will  bo  found  that  the  so-called  atomic  volume  is  exactlj 
the   reciprocal    of    the    atomic   numlor;    for    171 4.  0'.5833  =  I,   aaa 
4/)  32  .  1)0221  ^=1.     (It    is   scarcely  aeeessary   to  observe    that    thoatl 
numbers  will  come  out  differently  sf  instead  of  aasuming  the  atotnie 
weight  of  hydrogen  =  1,  wo  take  that  of  oxygen  =  100,  as  is  comnionlM 
dono).     That  the  atomic  volurae    is   necessarily   the  reciprocal    of  thai 
atomic  nimibcr  in  easily  eeeu:  for  according  to  the  view  Gr(it  laid  dawaf 
(which  must  be  regarded  aa  the  correct  one)  the  epeeific  gravity  is  tbo] 
product  of  tbo  atomic  nmiiber  and  tLe  atomic  weight  (page  52):  go  that 
if  S  =  ipecifie  gravity,  G  =■  atomic  weight  and  Z  ^  atomic  number, 
wo  have  S  =  G.  Z.     If  now,  according  to  Leroyor,  &c.,  we  divida  the, 
atomic  weight  G  by  the  ap.  gr.  which  according  to  tlio  above  it-  G.  Z., 

G         1  j 

we  have  the  atomic  volume  =  g-^-=:  2,     Henco  the  atomic   vcilaai«| 

is  the  reciprocal  of  the  atomic  number.     It  is  easy  to  sec  from  tht.'«  i)ta( 
the  cxpreetiion  aiomin  t'nlvme  must  lead  to  erroiieoiia  views  and  inferenoea: 
for  we  ean  imdereitand  by  it  nothing  else  than  an  atom  of  a  body  ti';r,<thnr 
with  the  adjacent  and  surrounding  intergtiees;  eince,  however,  tWu  intei^  , 
etices  vary  according  to  external  circuraBtancci?,  eucli  sta  pressure  «q<|  I 
temperature,  the  atomic  volume  must  bo  variable  also.     This  is  allowed  j 
by  Pol.  BoulUy  (Ann.  (yiim.  Phifi,  43,  266,  extr.  Fo^g.  19,  107;  kJm  I 
N.  Tr.  23,  1,  208)  who  advanced  timilar  views.     If  thiV  mode  of  caloit- 
lation  bo  adopted,  it  ia  better  to  leave  the  atomic  theory  out  of  the 
<]uefition  and  adopt  the  nomenclature  of  H.  Schroder,  vrho  call!<  theoe 
quotients  a/itwalejit  volumes.     Since  16  fiarts  of  sulphur  arc  the  equtv»- 
lent  of   128   iodine,   a   volume    of    sulphur  Avhicli   takes  up    IG  :  20(H} 
=^  8  cnbic  measurea,   is  the  et|itivaleiit  of   1  vol.   iodine  which  oceupiea 
12fi  :  4*048  =  2*>*46  cubic  measures  ;  for  I  vol.  sulphur  «f  8  cubic  mea- 
sure?, whose  sp.  gr.  =.  2  contains  2,  H  =  16  fwrts  \>y  weight,  and  1  vol, 
iodine  whoac  sp.  gi-.  =  4  E)46  contaitia  4-m6  .  2^iS  =  '""'   ri^rts   hy 
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nwifbt.    (For  fiirtlier  (level upuieiit  of  this  matter,  viil.  Donit^  of  Com- 
pnmdt.) 

Atomic  ttvifflii  of  Compoutith. 

The  two  law*  above  laiJ  down  (page  41)  apply  to  corapoimds  ai  well 
us  to  Mmpl<?  subtitancca.  If  uno  coinpouHf)  subsfjiacc  A  i*  ciipu.b?(>  of  com- 
bining with  auolber  compounil  =fiibatani-i"  B  in  tltlVerent  pruiKjrtions,  the 
om&llesit  quantity  of  B  witli  which  A  can  conibiiip,  miihiplied  by  1|,  2, 
3,  4  ...  -  gJTes  ibo  other  qasiiitillfa  uf  B  whtfh  cxn  ciittT  iuto  couibiiia- 
tiiin  vith  A.      Thua,  47*2  pin'ts  of  potaeh  are  united  in  carbonate  of 

rotash  with  22,  and  in  bicarbonate  with  44  parts  of  carbonic  acid: — 
11-8  oxiJo  ^of  lead  can  eoinbijio  with  9,  18,  27  and  54  part-t  of  uitric 
acid.  The  second  law  i.*  also  applicable  :  from  the  propartions  in  which 
jiite  ftimpoiind  substance  combines  wit!)  two  others  may  likewisa  bo 
iletcnniincd  the  proportion  according  to  which  these  two  pombine  with 
tiim  anotber.  Hydrate  of  magnesia  cotitains  20-7  magnesia  and  ft  water; 
fulphate  of  nia^rneaiii,  207  magnesia  and  40  Bulphuric  acid:  tiiid  aomrd- 
in^y  'J  watt-T  and  40  sulpbnrio  acid  aro  exactly  tbe  pro|jortioi)a  of  tlie»e 
two  biidieH  contained  iu  oil  of  vitriol.  In  tiiia  manner  the  attmiic  wei>flitM 
or  euQiN'alonta  of  coniponod  bodies  niny  bo  dettTiniaed  qiiita  indt<|Hiii- 
dcotly  of  those  of  simple  substances.  For  example,  wn  might  lussunie  tlio 
atom  of  sulpburio  at-id  =  30(10,  and  then  dottirmiuo  that  of  water  =^  5i!i.5, 
of  uutgup«sia  .">17'5,  and  oxide  of  lead  '27i*5,  thcae  being  the  qiiantitios 
of  thcwe  Hev«ral  substaucos,  which  combine  with  1000  parte  of  t«ti]pltitriu 
acid;  rooruovor,  sinco  those  (juantilies  of  tUo  soveral  baaoa  naturatw  J. "ISO 
nitric  acid,  this  niiml>er  1350  would,  on  tho  aairn^  liypotlicwia,  oxprosh  iho 
st4nuo  weight  of  nitric  acid.  Numbers  m  dotennmed  would  not,  bow- 
orcr,  be  in  accordance  with  tlio»e  of  tlio  simplo  siiljiitanco!*  obtained  on 
th«  supjMJsition  of  hydrogen  =■  1  or  oxygen  =  100. 

The  atomic  weight  of  any  compound  is  equal  to  tho  sum  of  the  atomic 
neighO^  of  the  simple  aubstauces  which  couiposo  it,  Thi«  ig  in  exact 
accordsQcc  wilh  the  atomic  theory;  for  the  atom  of  a  compound  muat 
wrigh  ».'»  much  as  the  indi^-idual  atoms  of  the  simple  substances  compelling 
it  taken  lo^ethor.  1  At.  hydrogen  =:  1  and  I  At.  oxygen  =  8  form 
1  At.  walor^  1  +  W  —  9  ;  1  At.  lead  =  103-8  and  1  At.  oxygen  =  8  form 
1  Al.  oxide  of  lead  =  111-8;  1  At-  sulphur  =  ItJ  and  3  At.  oiygen  = 
24  form  1  .\t.  sulphuric  acid  =  l(i  4-  24  =  40.  Honco  IU'8  parts  of 
lixidp  of  lead  combine  with  oxartly  40  parts  of  enlphnric  acid,  becauso 
U  the  proportion  in  wbich  1  At,  oxide  of  lead  conibincu  with  1  At, 
Iphiiric  acid.  If  1118  f>arls  of  oxide  of  lead  l»e  In-atcd  to  redocwj 
^ritb  an  cixooa*)  of  aciueoue  uulphurie  acid,  that  part  of  tho  acid  not  taken 
np  br  tho  oxide  of  lead  t'vapora,te.«i  together  wilh  the  water,  and  there 
rcBiairi  Kxaclly  !5r8  parts  of  sulphate  of  lead,  containlnif  11 18  oxido  wf 
ImuI  moil  40  Bulphnric  aciil.  When  galeaa,  a  corajiound  of  1  At,  lend 
with  1  At.  nulphur  ia  dij;ested  with  nitric  acid,  which  gives  to  tbo  lead 
and  thr  <:ti1f>h!ir  the  quantities  of  oxvgcn  reijuired  for  convorttiig  tliom 
f,  .  oxide  uf  lead  and  sulphuric  acid,  and  the  litjuid  jscvapo- 

pi,r  -N,  there  remains  tho  same  compouod  of  IH'S  oxide  of 

Imd  and  4<.f  sulphuric  acid,  «>  that  no  exceas  of  sulphuric  acid  can  bo 
i«moved  by  water  or  of  oxide  uf  Icful  liy  (tcetic  acid,  liccause  1  At.  load 
l»y  combinine  with  oxyjren  formn  exactly  1  At.  oxide  of  lend,  and  1  At. 
•itU,I..>i  f,v  c-oniliiniitg  with  oxygen  formn  exactly  1  At.  aulphuric  acid,— 
B,  ii<r  o\ide  uf  lead  and  sulphuric  acid  couibino  prcf^i.-jely  in  ll»' 

•,,,  „^ of  I  Utoti*  t<i  1  atom,     h  Jaa  tiocei>«iry  coucotuitant  of  thia  law, 
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ItItm  4-08  nitrogen:  292  '.HO  ~  65  ;  x giros  5-SS hjdmgen; and 291 : 44 

—  ^  :  J  given  13't»7  orygea, 

Tbe  drat  formaU  also  lenrea  to  liiid  how  mneh  of  any  nthstaoM, 
mmfio  or  eompouud,  is  required  to  convert  a  girco  quantity  of  aoittjier 
mlmtKnce  sntu  a  givcu  compound,  or  to  dCTompoBe  a  given  quantity  of 
lUij  eanipound.— How  much  salphur  is  rcciuircd  to  conr^H  135  par(«  of 
oopjvor  iuto  Jwulpliuret  of  copperl     In  tliie  ccuDpound,  Cu'  S,  titere  an 
2.  SI'S  ■=.  fi3'6  copper  combined  with  16  gulphur:  siace  then  63'6  copper 
reqiiiru  16  sulphur,  135  parts  of  copper  will  require  33*96  pajta  of  «ul- 
hur,  for  (J3S  ;  Itf  =;  133  ;  33'80. — How  much  oil  of  vitriol  ia  required 
'or  tho  docomjwsitioQ  of  79  pta.  of  nitrate  of  potash,  so  that  bisutphale 
of  prttMh  may  he  formed  while  tho  nitric  acid  esc&pest     In  aitr^to  of 
pptiLsh,  I  At.'  potash.  (KO)  —  3y-2  +  8  ^  47-2  is  combined  with  1  At 
uitrio  acid  (NO^)   =14  +  40  =  54:  the  atomic  weight  of  nitrat6  of 
potash  is  tliercforo  47  2  -f  54  =  101*2.     Oil  of  vitriol  (SO'  HO)  con- 
tftina  I  At.  sulphuric  acid  =  1 6  +  3 . 8  =  W,  and  1  At.  water  =  J  + 
8^9:  therefore  tUo  atomic  ■weight  of  oil  of  vitriol  ia  40  ^-  9  ;—  48. 
Sitice  then  2  At.  sulphunc  ucid  ate  to  oomhino  with  1  At.  potash,  1  At. 
or  101*2  parts  of  lutrate  of  potash  (containing  47*2  potash)  will  require 
2  At.  or  2  .  49  =  98  parts  of  oil  of  vitriol  (containing  80  sulphuric  acid); 
now  10  r2  :  98  =  79  :  7C"5  the  qunntitj  of  uil  of  vitriol  required  to 
decompose  7S  parts  of  nitrate  of  potash. 

By  means  of  the  second  formula  wo  may  find  tho  atomic  weight  of  a 
substance  when  we  know  the  relativo  quantity  of  it  iu  a  given  compound, 
and  also  the  number  of  its  atome  which  probiibly  enter  into  the  constitu- 
tion of  that  compound.  Suppose  that  in  1 00  parts  of  selenious  acid  we 
have  found  71*43  parts  of  fldeoimn  und  2S'57  parta  of  oxygen,  and 
assume  as  probable  that  it  contains  1  At,  selenium  and  2  At.  oxygoiti 
w<j  have  then,  in  order  to  perform  th<?  npcriition  iuilicated  hy  the  seoona 
formula,  to  divide  the  quantity  of  each  element  by  the  number  of  Hb 
atonu:  thus 

M     :Z=      G 

Se  71-43  :  1  =  71*43 

O  28-57  ;  2  =  14'ZS5 

Aoconling  to  thia,  the  atomic  weight  of  selenium  would  be  71 '43  If 
tbkt  of  oxygen  werc'  142B5;  but  taking  8  fur  the  atomic  weight  of 
exygeu,  we  have  14  285  :  71*43  ^  8  ;  40:  if  the  atomic  weight  of  oxy- 
gon Ijc  100  we  have  14*28J  :  71*48  =  100  :  JOO.  Hence  the  atomic 
weight  of  aetunium  is  40  when  that  of  oxygen  is  8,  and  500  when  that  of 
osygen  ie  100. 

By  the  third  formula  we  find  in  what  numlwra  the  atoms  of  the  dif- 
fer&Dt  eonstiluGuU  arc  united,  when  their  relative  quantities  and  atomio 
weights  are  known.  If  100  parts  of  nitric  acid  coDtaiu  25-^)26  nitcog«Dj 
and  74  074  oiygeUt  and  the  atomio  weiglita  of  nitrogen  and  oxygen  aro 
1 4  and  ft  retipectivelyi  what  are  the  numbers  of  atoms  of  these  two  ele- 
ment* contained  iu  nitric  acid  I  According  to  the  formula,  the  relative 
quantity  divided  by  the  atomic  weight  gives  tho  number  of  atoms; 
ihereforo 

M       :  G  =      Z 
N  25926  !  14  =  l'85a 
O  74  074  :    8  =  8-280 

According  to  this,  1852  At.  nitrogen  aro  united  with  92fi0  At.  o^y- 
gen.    Thie  complicated  ratio  may  however  (as  in  most  oth^ctwcs)  be 
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rtnlaceJ  by  assaming  the  atomic  nutnber  of  the  eletnents  wliich  gives  the 
dtnttlJest  «]Ut>tietit  ill  thp  calculation  =  1,  and  ilivitlinj^  tlie  other  quotieuts 
\>y  this  ajtiiillcst  rjuotient,  Thng  in  the  present  example  l-Si32:9'2UO 
^1  :  5;  eonwiimmtly  1  At.  tiitrofifon  is  combiticfl  with  5  At.  oxygen. 

Felspar  coutains  in  JOO  parts,  U!(35  potash,  lH-14  alumina,  aaJ  G.^21 
sUica:  how  niauy  atoiiiB  of  tliese  three  euhatanccs  iloes  it  coiitaiiil  Here 
we  have  to  calculato  the  at&mic  Vroigbts  of  the  tkree  proxjiuute  elemeDts: 
thu0 

K  392  5A1  27-4  Si    14'8 

0     8*  80    24  20  10 

Pottwsh  47'2  Alumina  51 -4  Bllica  30'8 

M     :    G    =     Z 

Potash le-fiS  r  47-2  =0-3528 

AJumtOa 18-14  ;51*4^  0-3528 

Silica 65-21  :  30-8  =  2-H72 

^  Now  3528  t  3528  :  21172  =:  1  :  1  :  G.  Cunsefjuentty  felspar  con- 
tains 1  At.  potash,  1  At.  alutmna,  aud  G  At.  ellica,  probably  combiued 
nj!  follows: 

(K  0,  3Si  0*)  +  (Al*  0'  3Si  0'). 

In  inanj  componnds,  especially  of  the  orgauio  eloss,  all  the  eloments 
occur  io  more  timn  1  atom,  and  tlio  diviaioii  of  tho  larger  quotienta  by 
th«  miftllc-at  givL-^  Improper  fractione,  wbich  mast  bo  got  rid  of  by  uup- 
p<N»iii^  tlic  DUMilier  of  atoms  of  the  olemcDt  which  gives  the  enialleat  ^uo- 
tieul  to  he  2^  ii,  4,  8(C,  Dry  benzoic  acid,  for  oi^aniple,  cuoti^in^j  in  IQO 
Ipiuis,  7i'3i  eathon^  4'42  hydrogen,  and  21-24  oxygon. 

M       :G=      Z 
C     74-330  :  e  =  12-3D0 
H       4-423  :  1  =    4-425 
0     21-23!)  :  «  =    2-655 

]a-fl55  :  4-425  :  12-3.90=  1  :  I'dG  ....  :  4-06  ,,.,,  or  nmftiplylng  by  3,  = 
Id  :  5  :  14.  Heuco  dry  beiuolc  acid  contains  3  At.  oxygeu,  5  At.  hydro- 
Igen,  aud  14  At.  carbon. 

Tri  t,avc  tliL'  trouble  of  niakiog  such  calculationa  by  the  rule  of  throe, 

W.  Intl.  Phil.  4,  IT'i;  comp.  n,\m  Sckw.  H,  12G)  introduced  hiy 

j^<'!  .nical  Eqiwxilenti  constructud  on  the  principle  of  tlio  ordinary 

LSYirfjw.9  Jiule.     A  altde  inoveiibl©  up  and  down  the  middle  of  a  narrow 

Ilioanl  to  marked  with  tho  nmiihera  10  ...500  placed  at  distances  corrcB- 

Ijiooding  to  their  logtiri thins,  «<>  that,  for  example,  tho  diatanee  botwooii 

jlO  and  11  is  as  great  as  that  between  ItiO  and  110.     On  the  right  and 

f  J«ft  of  the  »lide  tho  oames  of  tbo  clomentary  aubstancca  and  their  more 

iiiiportani  compounds  are  marked  on  tho  board  in  pLauca  corrcsponrling  to 

Ithoiratoniic  weights.     When  the  ulide  \a  set  right  in  tho  board,  that  is  to 

Inay,  not  drawn  eithor  up  or  Jowtj — tho  number  10  on  tbo  aiitle  standa 

joppoaito  1  At.  oxygen  on  the  board;  11-25  on  the  eliJo  opposite  to  1  At. 

rater  on  tho  board;  m  likewise  1*2-5  corresponde  to  10  At.  hydrogen;  20 

|to  2  At.  oxygen,  and  1  At.  suljjhur;  30  to  3  At.  oxygon;  40  to  4  At. 

50  to  5  At.  o.\ygen  aud  1  At.  sulphuric  acidj  130  to  lead;  140 

of  leod;  100  to  sulphate  of  lead,  and  bo  on.     Cou.seriuently,  in 

|...silion  of  the  slide  it  may  be  seen  that  190  parts  of  gulphate  of  lead 

iin  140  oxide  of  lead  and  50  sulphuric  acid;  or  130  leiul,  20  sidphur 

4Q  oxygen,  it  being  euppoaod  that  the  numbera  of  atoms  of  tho  con- 
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stitiienta  are  previonsly  knotrn.     If  now  U  be  reqiiire?d  to  find  wltat 
^piHutities  of  these  ee vera]  elemeuls  uw  eotitaiiieJ  iu  lOU  jvirU  of  sulpbat 
of  lead,  the  »li*ie  ia  to  be  so  jjlaceJ  tlsat  tlje  imiiilwr  1 00  sdall  *,tjunl  ex;ictl 
cuiposite  to  siiipliatc  of  lead,  whcB  tLe  rcquii-cJ  (ju.antities  will  W  four 
up}i03itc  tbe  names  of  ibc  several  clciuctitei.     In  iliis  aud  otlicr  ways 
Ec|U]vaIeut-Bcal«  (which  may  alau  be  made  with  a  iiitiveable  circle  Jofitei 
of  a  »lide)  inivy  bo  employed.      However,  the  froetioaul  parts  of 
numbera  cannot  be  luurked  on  the  divisions  of  the  elido  with  a  d»gn9 
of  accuracy  equal  lo  that  which  may  be  obtained  by  calciilatioD,  aiid_ 
iiiarcorer  the  utmiber  of  the  elements  and  their  cumppnnds  is  so  gt 
thai  their  names  cannot  all  be  marked  on  the  board,  so  that  searchii 
for  thcin  in  this  ma.nner  often  takes  a  longer  time  than  calculation:  hen4 
the  u»e  of  these  Equivalent-scales  has  not  become  very  general- 

D.    Qualitative  alterations  of  elements  caused  by  chemical 

coDibination. 

Since  the  chemical  combination  of  heterogeneoas  sub^tancea  produooei 
huinogeneoue  mass,  it  must  net'eicsarily  be  accompanied  by  a  chungc  in  th 
properties  of  the  elements.     In  the  less  intimate  cuiubinatioiis  titis  chan^ 
ID  very  unimportant,  do  more  in  niiiiiy  i-x<es  than  is  ncce^^^ry  to  cause  thl 
dilToreat  propertioa  of  the  elements  to  merge  into  one  another.     Tht 
common  salt  when  dissolved  in  water  loses  its  solid  form  and  imparts  it 
saline  taato  to  the  water,  while  the  specific  gravity  of  the  solution 
nearly  a  mean  between  that  of  the  salt  and  that  of  l!ie  water.     The  pr 
pertiea  of  the  more  intimat*  compounds  on  the  other  hand  are  in  almc 
all  ca^ea  totally  different  from  those  of  their  etenieuts.     The  two  tastele 
substances  oxygen  and  sulphur  produce  by  combination  the  intensely  son 
and  corrosive  snlphuric  acid;  the  solid  substances  carbon  and  sulphn 
form  when  combined  the  volatile  Bulpliuret  of  earbou  ;  grey  mercury  an^ 
yoUow   sulphur   form   the   bright   red  comiHiuud   vermiUion;    &c.   &t 
Although  all  the  elements  of  a  compound  body  exert  some  infiu«>nc(> 
detormtning  its  properties,  this  influence  is  nevertheless  exerted  in  ver 
difterent    degrees;   it  often    happens   that    one    element    is    muoh    mor 
effective  in  determining  the  physical  and  eliemieal  characters  of  a  coin 
pound  than  another;  the  former  may  be  said  to  possess  moTc /ortnatit 
jiower,  while  the  latter  sencs  cither  aa  a.  t>ase  ot  i^roujidwork.     Thus  ill 
metals  may  bo  said  to  act  as;  bases,  while  the  non-metallic  elements,  jj»r 
cularly  oxjiren,  hydrogen,  chlorine,  fluoriue,  bromine,  iodine,  scleaiam  mti; 
ynljdiur  may  be  regarded  rather  as  formative  principles.    The  former,  when 
they  possess  considerable  specific  gravity,  impart  this  property  more  e«m^ 
eiafly  to  the  compounds,  while  the  latter  generally  destroy  the  nietailil 
lustre,  opacity,  and  great  conductive  power  of  heat  and  electricity  bj 
which  metals  are  distinguished,  and  impart  to  the  compounds  pecnlija 
chemical  chaniclcrs,  e. ;).,  those  of  acids  or  salifiuhte  bases.     There  is  mor 
resemblance  between  the  compounds  of  oxygon  with  different  niotals, 
also  between  the  several  metallic  chlorides,  suljdiurets,  Sic.  than  l>etwe<'nl 
the  compounds  of  one  and  the  »ame  metal  with  oxygen,  chlorine,  sul-^ 
phur,  &e. 

a.  Dtnnttf. 

In  most  instances,  the  compotind  occupies  a  smaller  space  than  ii 
elements  taken  to^'ether  before  combination;  condensation  generally  tak* 
place,  Jess  froi|aeutIy  expansion,  or  neither. 
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f  m>  Relation  baween  the  Detmty  of  Gmeotu  Cti^ipounda  and  that  oj  their 

Crmeous  SlemciUs. 

Moat  combia&tions  of  this  claes  are  iittended  with  conJeneation,  atiJ 
Iwaya  a<?conImg  to  simple  relations  of  volume;  many  however  take  place 
without  alteration  of  bulk  ao  tiiat  the  compound  takes  up  the  aame  space 
^a  the  sum  of  tlie  elements  before  eombiuation:  we  know  of  but  one 
oorabination  of  jirases  wbich  is  accompanied  hy  E?xpanEion, 

Theee  relations  arc  exliibited  in  the  follow ing  table.  The  first 
dl^Taion  inciudea  the  cases  in  which  no  change  of  %'glume  takes  place  ;  the 
second  those  attended  with  condcns«tioii ;  the  third  the  ainglo  case  accom- 
panied by  oxpaufiion.  But  few  organic  compounds  are  mentioned  iu  tbia 
table,  as  their  relations  of  volume  will  be  fully  treated  of  in  another  place. 

Column  A.  Names  of  the  cunipuunds. 

B.  Their  chemical  formala?, 

C.  The  number  of  measures  in  which  the  bodies  combine. 

D.  The  «um  of  tbeee  measures  or  the  volume  of  the  elements  before 
[combination. 

E.  The  nntnber  of  measureB  occupied  by  those  elementa  after  cora- 
btnstion. 

P.  The  atomic  weight  of  the  compound, 
I        O.  Spec,  grav,  of  the  compound,  that  of  air  being  assumed  ==  I. 

H,  Quotiont  obtained  by  dividing  the  ep.  gr,  by  tlio  atomic  weight, 
i.e.  the  atomic  number. 

I.  Reduced  atomic  number,  obtained  on  the  suppoaition  that  1  vol. 
bydrogen  gas  eontaina  1  ,  j-  atoms  of  hydrogen. 

The  oolnraniN  F,  0,  H,  I  are  comparable  with  columns  B,  C,  D,  E  of 
I  the  tablo,  page  55. 

Since  the  .specific  gravities  of  many  simple  substances  occurring  in  tho 
evmponntU  here  enumerated  is  not  known  from  observation,  we  are  obliged 
ID  rfganl  tu  them  to  calculate  the  sp.  gr.  and  tbeuco  tbo  relation  by  volume 
hvpotboticaUy.  Thus  from  analogy,  the  vapours  of  aolenium  and  telluriuin 
hiive  been  assumed  to  bo  6-atornic,  that  of  antimony  2-atoraic,  and  fluorine 

C  together  with  tho  vapours  of  carljon,  boron,  Bilicium,  titauium,  tin  and 
tiulb  as  1 -atomic.  Since  for  example  the  atomic  weight  of  tin  ia  59 
tiinv^s  as  jrrcat  as  that  of  hydrogen,  and  the  sp.  gr,  of  hydrogen  gaa  ^ 
00693,  the  hypothetical  sp,  gr.  of  vapour  of  tin  =  59  . 0-0693.  The 
atomic  weight  of  antimony  is  1'2D,  and  its  vapour  is  suppoeed  to  be 
2-atoiiiic,  hence  tbo  hypothetical  sp.  gr,  of  its  vapour  ia  2  .  120 .  0"06n3  ; 

I  to  find  that  of  selenium  we  mnltiply  by  6  .  40,  and  so  on.  The  Imiothe- 
tical  jiarts  of  tho  calculation  are  aeuoted  in  the  table  by  notes  of  mterro- 

( galion ;  in  most  eases  the  hypothetical  element  is  the  number  of  volumes ; 

lin  that  of  nitric  acid  it  k  the  ep.  gr  of  the  vapour 
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11  jilrioilic  tdd 

liydfubromic  uid 

HjrdrockiUiric  and  .,..,.,,., 

Hjrdro<7anic  moA 

Bromide  of  (^Imogen    

Volatile  chloride  of  cjtaa^a . 

Kitric  ou'de 

Hjdriod,  phiMiph.  hTflroe^n .. 
Hfdrobrom.  phospb.  b^drogcD 
Hyilradilarate  of  «ninion»  , . 
HjdrcHrjuiule  of  ■Bttuonii  ,, 
Bibf  dn>sii)|ib.  amnionia  . .  . , 
Cprbonate  of  amiuoiu* 

Sulphuroui  ftdd 

SrlpDious  ifid 

Sul)ihur¥tti;d  hjdrogen ,,(.,. 
Sdeninretted  b;drogea  ...>.. 

TeUarMled  bjirogea. 

Sulplnuvt  of  carbon 

Fb(Mpbarett«d  hydrDt;«n  ..  ,. 

ArMniiintted  h^rdro^n 

TercIiJoridi*  of  pboiphorua     . . 

Iodide  of  jiraenic 

CUoride  of  anenic.  ,.....,„ 
Tercbloride  of  ■atimonj'   .... 

Wnter ,,.,  „,.. 

Carbotik  oTide 

NitroDg  oxide. ... 

Hyponitrip  acid.t  .. , 

Oxide  of  cliinriae  ......  ,,. , 

Sub-bromide  of  mercury  .... 

Sub-Dhloride  of  mercury   .... 

Sqlphuric  acid   ............ 

Percbloride  of  photpbonis, .  . , 

Ajumonia 

Chloride  of  boron  ..,,,,.,,. 

Fluoride  of  boron 

CariMmicacid., ,.,, 

Phosgene  gaa 

Clilaro.«Qlphnric  acid  ...... 

Iodide  of  mercury 

Bromide  of  menniry  .... . 

Chloride  cf  mercury .,,,..,, 

Chloride  of  hiaiDvith , , , 

Cyanof en 

CMortde  of  silicintq   . , 

Fluoride  of  «ilidttiii   

Chloride  of  titamum 

Bichloride  of  tin 

Ijght  carbuiietted  bydro^co  ■ . 
Solid  chloride  of  cyanogen    . . 

Nitric  neid , 

A.rKniou3  arid 

Oichloride  of  sntpbnr  ...... 

OleliaDt  gas   

Glacial  acelic  acid 

Sttlpbnrec  of  mercatj  ...... 


IH 
BrH 

CIH 

CyR 

CyBr 

CtCI 

NO* 

PH..  1  H 

P  U»,  Br  H 

N  H»,  CI  H 
iNHs.  CyH 
|nH»,  2SH| 

;nu',  CO* 
so* 

SeO* 

SH 

SeH 

TeH 

CS« 

PH« 

AsH« 

PC]' 

A»t» 

^CI> 

SbCl* 

BO 

CO 

NO 

NO* 

cio< 

Hg*  Br 

Hg«Cl 

SO» 

PCl» 

NHa 

BC1» 

BF« 

CO' 

CO,  CI 

SO»,  CI 

Hgl 

HfBr 

llgCI 

Bi'  Cl» 

NC» 

Si  CI' 

SiF" 

TiCI* 

So  CI' 

C»H< 

Cy'  CI' 

NO» 

AaOt 

S*CI 

C»H* 

C*  R*  O* 


)1,  IH 
iBr,  IH 
1C9,  IH 
ICy,  IH 
ICy,  IBr 
ICy.  ICI 
IN.  lO 
IPH',  1IH 
IPH',  IBrH 
INHMCIH 
INH'.lCyH 
IN  H«,  iSH 
2NU'.  ICO* 

IS,  60 
l.'Se,  GO 
IS,  fiH 
I?Se,  eit 
l.Te,  6H 
3^C,  IS 
IP.  6U 
IA«,  £H 
IP,  6C1 
lAs,  61 
IJU.  6C1 
1  ?Sb,  GCl 
211,  lO 
2.'C,  lO 
2N,  10 
IN,  20 
ICI.  20 
2Hg,  iBr 
2Hg,  ICI 
IS,  90 

IP,  loa 

IN,  3H 
l.'B,  3CI 

i?b,3;f 

l.'C,  10 
ICO,  ICI 
ISO*.  ICI 
IHg,  II 
IHg,  IBr 
lllg,  ICI 
2.'ai,  3C1 
IN,  2.>C 
I?Si,  2CI 
l.'Si.  2?F 
l?Ti,  2C1 
l?Sn.  2Cl 
2,>C,  4H 
3Cy.  3C1 
2N,  50 
lAs,  30 
IS.  3C1 
4?C,  4H 


6Hg,  IS 


■i  1 

aw 

32 

M 
17 

41 

63 

38 

34-4 

78-2 
13J-6 
453-2 


lSl-4 

235-2 

9 

14 

S2 

46 

67-4 
S«I-2 
338-2 

40 
208-4 

17 
116-7 

66-6 

22 

49-4 

67-4 
227-4 
1J9-B 
136-8 
313 

26 

85-6 

52-2 

95-3 
129'B 

16 
1642 

94 

90-2 

67-4 

28 

60 


0 77IHI  ,  OOlJi 

fjnj»4tt  0-01  ?;J 
o-yo«o   0-0231 


2*2186 
4  0000 

1-1796 
2-7y50 

1-1910 
2-6930 

4-»r65 

u 

0  62Jy 
0-9709 

1  h-i^i 

I'Tim 

2-33GS 
10-1410 
fc-3M0 

3  0000 

4  8.500 
0'5893 
3-9420 
2-3124 
1-5-252 
.^■4249 
4 -6050 

15-9000 

I2-16UU 

9HO0O 

11-3500 

I-S02G 

5-9390 

3-<;050 

6-8360 

91997 

0-5546 

6-3900 

?3-7122 

13-8500 

4-7000 

0-9706 

2-7400 

5-MftO 


0-0693 
0-0714 
0-0693 
0-0C8t 
0-0(i9t 
0-0693 
0-0346 
0-0345 
0-OSM 


0  (UI'JS 
0-0693 
00373 
00347 
0-1IS60 
O'OSM 


0 

0-03M 

0-0347 

0-OG93 

00693 

00699 

0-0699 

0-0676 

00716 

00356 

0-0693 

0'()693 

0-0690 

00716 

0-0706 

00^47 

00347 

0-0«93 

0.1396 

0-0696 

0-0347 

00457 

00461}  I 
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From  tilts  table  the  futlowing  rosiilts  may  be  ilodaoeil : — 
1.  Compouad  bod  lea  iti  the  gitaeous  st^te  are  more  expanded,  &Qd 
intaiD  f«wcr  atoms  to  a  girea  volume  than  eintple  substances  in  the 
le  state     While  the  sioiple  gases  are  6,  2,  and  1-atomio,  the  ooiu- 

d  guscs  are  never  G-atomic,  but 
a.  2-4toniic;  nrscjiioui}  acid ; 
■   ^    J.  1 -atomic  ;  water,  nttroua  oxide,  most  oxygen  acide,  the  weaker  hy- 
^Hrog«D  acida,  such  as  sulphuretted  hydrogen  and  several  metallic  iodides, 
^Bfotnidcs  and  chloride^,  eouie  contaiaing  one  and  Botne  two  atoms  of  the 
^Bdt-ndiea] ; 
^B     e.  -t-atomic,  eulphurct  of  mercnry  and  glacial  acetic  acid  ; 

tL  ^-atomic:  oxide  of  chlorine,  liyponitric  acid,  the  stronger  hydracidg, 

j«eh  ae  bydrochlorlc  acid,  ammonia,  compounds  of  3  At.  hydrogen.  Iodine, 

romiiie  or  chlorine  with  1  At.  boroa,  pbospliorna  or  metals,  ajid  those  of 

At-  bromine  or  chlorine  with  2  At.  mercury  ; 

e,   (^atomic  i  anhydrone  carbonate  of  auiinonla  (NH',  CO"),  porcWo- 

io  of  phoephorus ; 

/.  i-atomie ;  compoanda  of  hydracida  with  ammonia  and  with  phos- 
,|ihnnjttcd  hydrogen. 

It  is  scarcely  neoesBury  to  remark  that  by  f ,  i,  ^,  or  ^atomic  gae©9, 
Are  not  to  understand  gases  really  containing  two-thirtla,  one-half, 
'"  ird  or  one-fourth  part«  of  attima,  but  gases  of  which  1  volume 
ns  only  |,  |,  j^,  or  j  as  many  atoms  aa  an  equal  volume  of  hydrogen 
gsjk  It  appears  as  if  the  greater  number  of  atnins,  which  together  fnnn 
a  componnd  atom,  attach  to  tbemselveg  a  greater  quantity  of  heat,  ao  that 
the  coiapound  atom  becoraee  eurrounded  with  a  larger  ealorilic  envelope. 

12.  Tbo  volumo  of  the  conetituents  beara  to  that  of  the  compound  the 
ioUnwin;;  rclntjons ; — 
1  vol.  A  Avith  1  vol.  B  forms  2  vol.  AB,  therefore  1-^1:2=2:2. 


To  thi/4  case  belong  the  firat  12  examples  in  the  table. 


14-     1.1  = 


2:1,  Carbonic  acid,  phosgene,  iodide,  bromide,  and 

chloride  of  mercury. 
1  +    2:3=    3:3,  Neutral  carhonato  of  ammonia. 
I  +    2:2=:    3  ;  2,  Water  and  the  6  following  compounds. 
\  +    2  ;  1  =    3  ;  1,  Cyanogen  and  tbo  4  following  compounds,  aup- 

poaing  the  hypothetical  relatiouis  of  volume 

to  be  correct. 
1  -f    3:3=    4:3,  Sulphurot  of  carbon,  with  the  same  limitation. 
I  +    3:2=    4  ;  2,  Ammonia,   with  the   2   following  hypothetical 

cases. 
I  -^    3:1^    4:1,  Dicbloridc  of  sulphur,  araenioua  acid. 
\  +    6:9=^    7  ;  9,  Sulphurct  of  mercury. 

1  -f-    e  :  U  =    7  •  G,  Sulphurous  acid  and  the  4  following  componndfl. 
I  +    5  :  ■*  =    7:4,  Phoaphorettcd  hydrogen  and  the   5  following 

compounds. 
1-1-    9:6  =  10:6,  Sultdiuric  acid. 
I  +  10  :  6  =  11  :  6,  Pcrchloride  of  phosphorus. 
S  -t-    3:2=    5:2,  Chloride  of  bismuth) 
J  -»-    5:2=    7:2,  Nitric  acid? 
3  4-    3:2=    6:2,  Solid  chloride  of  cyanogen. 

S.  HdatioM  hHwwn  the  DemUy  nf  Solid  or  Liquid  Compounds,  and  that 
of  ikcir  Solid  or  Liquid  ConstUuenU. 

i  Hcnr  IB  no  known  instance  in  which  the  combination  of  solid  or 

P  2 
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UqnitI  bodies  takes  place  without  altefatba  of  yolanie.  In  most  caaes 
COD de ligation  ensues,  rery  rarely  expansion  ;  a  very  slig^ht  expan^iony 
takes  place  in  the  oombiuation  of  iocline  with  potassinm,  lead,  mereoiy, 
or  silver,  of  Bulphur  with  arsenic  (in  the  formation  of  the  red  gulphnre*) 
with  copper  (in  the  foniiatioo  of  dieulphnret  of  copper)  or  with  cadmium, 
(Kanten,  BooIIay,)  and  of  lead  with  tin,  gold,  or  plalinam  (Kapffer); 
also  a  cougiderable  expansion  in  the  conihination  of  carbon  (of  3"5  sp.  gr.} 
with  enlphur  (of  2"0  sp.  gr.)  to  form  biaulphuret  t>f  carbon  (of  1'27S 
ap.  gr.).  But  theso  expansions  or  contractictBS  exhibit,  ae  might  be  ex- 
pected fmm  the  reasoiu  stated  on  page  -^4,  no  such  gimple  relation  a« 
that  which  is  observed  in  all  canes  of  the  combination  of  eases ,  Thttl 
some  approach  to  a  definite  relation  does  however  exist  oetween  the 
density  of  elementa  and  that  of  their  coinbinations  in  the  solid  or  liquid 
«t»te,  appears  from  the  lalxiura  of  Le  Royer  and  Dumas,  Herapath  (PhiL 
Mag.  1824,  Nm.  321  ;  abatr.  JV^.  Tr,  11,  164).  Pol.  Boullay  {Ann.  Chim. 
Phys.  43,  2615,  also  Foffff,  19,  107,  aUo  jV.  Tr.  23,  1,  20S),  Karsi 
Ammermiitlcr,  H,  Kopp,  and  especially  of  H,  Schrmler. 

These  relations  are  exhibited  in  the  following  table,  which,  ho' 
is  drawn  up,  not  according  to  the  Theory  of   Volumes  of  Kopp 
Schroder,  but  according  to  the  Atomic  Theory. 

Column  A.  Name  of  compound. — B.  Formnla. 

C  Atomic  weight. — D,  gpeciSc  gravity  la  the  liquid  or  solid  etatc^ 
that  of  water  =  I, 

E.  Namcof  theobsen'erof  tbespecific'gravity.  Bg.  denotes  Bei^insii  ; 
Bk.  Brooke;  B!.  Boullay;  Bt.  Breithaupt ;  Bu.  Bucholz ;  By.  Bns^; 
Bz.  BerKcHus ;  Dm.  Dnmas ;  Dt.  Dalton  ;  Dv.  Da^-y  ;  Ek.  Eckebcig ; 
Fd.  Faraday;  Gb,  Goibourt ;  GL.  Gay-Lossac;  Gk.  Glocker ;  Hd. 
Haidingcr ;  Hf.  Hoffmann  ;  Hr.  Horapatb  ;  Ke.  Kersten  ;  Kf.  Kupfier ; 
Kn,  Karsten  ;  Kp.  Kopp  ;  Kw,  Kirwan  ;  Ld.  Lconhartl ;  Ms.  Mohs ; 
UU  Mitscherlich ;  Ne,  Nenmann ;  Ni.  Niemann;  Ph.  Phillips;  RD. 
Le  Rojer  and  Dumas  ;  Rm,  Rammelsberg  ;  Rt.  Regnaiilt ;  St.  Stromejrer  ; 
Ta.  Taylor ;  Te.  Thenarfl ;  Ti.  Thilorier  j  To.  Thomson ;  Un.  Unrer- 
dorhon;  Ur.  Ure;  W.  Wijliler. 

F.  Quotient  obtained  by  dividing  the  ep.  gr.  by  tbc  atomic  weight  j 
this  column  is  therefore  comparable  with  column  D  of  table,  page  5.V. 

G.  Numbers  in  column  F  multiplied  by  770  and  then  divided  by 
0*0693  for  reasons  explained  on  page  55.  Hence  the  numbers  in  colnmn 
O  show  the  number  of  atoms  of  a  compound  included  in  the  .space  which 
would  contain  one  atom  of  hydro^n  in  the  state  of  gas.  Thus  then  the 
nnmhera  in  cobimn  G  are  comparable  with  those  of  column  E  of  table, 

rige  53,  as  well  as  those  in  colnmn  F  of  table,  p.  55,  and  those  of  column 
of  table,  page  66.     For  explanation  of  columns  H  and  I  see  page  75. 
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Ahhottgh  tbo  nuiubei's  in  coluniu  F  bear  to  one  another  exactly  thel 
«iitie  ratio  na  those  in  G,  and  butli  iiuy  therefore  he  used  for  calculation,! 
I  have  ueverlhcle&s  iti  tiio  fdllowing  conipiirison»  and  calculatiuiis  confined 
myself  to  the  use  of  tliosc  in  G,  liccause  tliese  numbers  admit  of  com- 
p^iaou  nut  only  witfi  those  of  tabic,  page  6(J,  hut  also  those  of  tables, 
pfl£Hi  53  and  55,  Fruni  this  comprcrisuQ  of  the  tables  wc  may  draw  the 
following  conclusions  ; — 

h  A  space  which  will  contain  1  atom  of  hydrogen  in  the  gaseoiw 
etate  is  CHpabte  of  holding^  the  foUowiug  numbers  of  atoms  of  the  follow- 
ing corajKJunds  according  as  they  are  nr  lire  not  in  the  aeriform  atate; 
water  1   and  1234  ;  carbonic  acid  1  and  41&;  aulphuroua  acid  1  and  500; 
eulphtiric  acid  1  and  .547;  nrscnious  acid  2  and  ■iSOj  oxide  of  chlorine  | 
and  247  ;  liy[Jonitric  aotd  ^  and  350  ;  stil-ainmnninc  \  and  312  ;  diohlo-J 
ride  of  mercury  i  and  325-  protochloride  of  morcnry-l  and  439;  l«r^j 
chloride  of  phoqihorua  |  and  117  ;  ohloro-enlphuric  acid  1  and  749  ;  dl-  i 
bn>inide  of  mercury  ^  and  289  |  proto-hromide  of  mercury  1  and  365; 
di-iodide  of  mercury  ^  and  238;  prot^odide  of  mercury  1    and  303; 
eulphurcttcd  hydrogen  1  and  .'i88  ;  cinnab.ir  |  and  7f>2  ;  bisulphoret  of 
carbon  1  and  504.     The  hiffbest  degree  of  condonsiiatioD  that  takes  place 
in  the  passage  of  a  body  from  the  gaseous  to  the  liquid  or  solid  state 
amouutu  therefore  t»  ]'234  tiinee  (water) ;  the  lowest  to  210  (arsenioue  i 
acid).     Thepo  numbers  also  ehow   the   incorrectness   of  the  law  enun-  ' 
ciated   by   Porsior   (page  57).     Since   I    litre    of   vapour   of  water  at  0" 
weighs  0-S0U3  gramme*  and  1  litre  of  water  1000  gr.,  Pcraoz,  divides  the 
weight  in  gmnimcs  of  any  coniponnd  in  the  gaseouo  state  by  0*800.3  in 
order  to  get  the  sp.  gr.  of  the  aame  compoti  'qaid  or  solid 


gives  a  correct  reraltj 
^  *.  ;il  2  =:  1  :  1 248,  or  apcoriling  to  Persoz,  1  litre  of  sal-amnioniito  vapoul 
weighing  I'lflC  gnimraos,  ^'V^sj  =■  1*4''  =■  Bp.gr.  uf  sal-ammouiac.  But" 
Peraoz  assumes  in  opposition  to  experiment  that  iiie  2-atomic  vapour  of 
uwnJous  acid  and  the  1 -atomic  vapour  of  sulpLuret  of  cnrbou  are 
V-«tc>mic,  nm!  that  tbe  ^-atuniic  vapour  of  calomel  is  ^^tomiOj  in  order  to 
uring  oat  re^sults  toleralily  near  the  truth. 

2,  The  atomic  number  of  a  coinpotmd  is  generally  smaller  than  that 
©■f  <^ithcr  of  its  elemonta,  The  only  known  wiceiptions  to  tliltf  rule  are 
llic  folliiwing:  potassium  245,  potash  025,  chloride  of  potaatiiutn  2S5j 
9r«!i«tii  466,  soda  999;  clilorino  464j  chloride  of  ailver  423j  jirotij-chloride 

rrury  430,  chloro-sulpiiuric  acid  749.     Such  condousattun  therefore 
-    itself  in  those  sulMtaiice«  only  which  have   the  smaUeiit  atomic 
uuuiU-rs,  and  hut  seldom  even  in  thei^e. 

3.  Aiumermiiller  has  shown  that  a  compound  of  two  subatanees  may 
often  have  a  now  quantity  of  one  of  them  altidcd  to  it  without  pertcptihle 
ltli4^nltiotl  uf  volume,  so  that  the  sp.  gr,  of  the  compound  increases  just 
luqcli  as  the  weight  of  the  superadded  substance,  e,  ff,  ; 
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Sp.  Gr,       C  0:J!)  7-432  8*010  8583 

It  appears  from  thia  that  when  5"7.5I  parts  of  Buhoxide  of  copper  take 
a|»  0(543  more  oxygen,  without  alteration  of  volume,  the  up.  gr.  iucreases 
lif^io  5-7-"'l  to  6-3iJ3,  that  is  hy  0ti42,  and  similarly  in  the  other  three 
cauMW.  With  some  couipouiids,  however,  it  ia  nece-^sary  to  multiply  by  a 
frarliun  ill  order  to  determine  the  sp.  gr.  of  the  higher  oonipouad  from 
tKiit  of  the  lower,  e.  i/.  : 


H 
0. 


0-111 

0-889 


Sp.  Gr.       1-000 


1-889 


TUo  observed  sp.  gr.  of  H  0*  ie  1  -452,  which  is  etill  somewhat  dlffe- 

from  1-417.     Jn  the  awe  of  Sn  S  and  Sn  S',  Hg^  CI  and  Hg  CL^ 

i!r  ami  Hi;  Br,  the  required  factor,  according  to  AminermUller  is  |-|f 

iti  that  of  As  S'  and  As  S    it  w -If,     These  calculations,  however,  eive 

nothing  more  than  di.^tant  approximations  to  the  sp.  gr.  determined  by 

cspt-riiiK'nl.     Moroover  if  we  conaidcr  that  in  the  case  of  8ulx»iide  of 

nueicury,  Herapath's  determination  of  the  sp.  gr.  which  dillers  so  widely 

from  that  of  Karsten  hae  been  taken  as  the  ba^sis  of  the  ca,lcuhition,  and 

iti  that  of  protoxide  of  leail,  the  very  tow  determination  of  Le  Royer  and 

I'uma*  which  waii  made  upon  the  oxide  in  it«  vitreous  state  (and  pcrhapg 

tla-n-fore  coutasntng  silica),  it  appears  wsry  doubtful  whether  these  few 

luamplfd  ought  really  to  bo  tnkcn  as  the  foundation  of  a  law,  or  whether 

Uiiiy  rhould  not  rather  be  regarded  as  purely  accidental.     On  the  other 

ImoJ  Uk-sc  relations  may  be  most  conveniently  traced  by  meaoa  of  the 

omnhcrx  in  colunuj  G  of  Iho  table.     The  atomic  numbers  are:  of  Cu"  O 

uf  Cii  O  I7y5,  tliercfore  nearly  double,  inasmuch  as  hy  the  addition 

.\t.  oxygen  to  1  At.  Cu'  0,  there  are  pro<Juced  2  At.  Cu  0  j  of  Hg"  O 
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from  472  to  ^63,  of  HgO  1 137,  the  eame  proportion  tberefore  but  not  eal 
exact  J  of  Sa  0  llOl,  of  Sn  0-  from  983  to  1023 ;  of  Pb  0  M14  ta  843, 
of  Pb  0'  825  to  852,  therefore  neaxly  equal  atomic  nainbers  j  of  Hg^  CI 
325.  of  Hg  CI  4311,  =3:4;  of  Hg'  Br  289,  of  Hg  Br  365,  r^  4  :  5  ;  of  I 
Hg'  I  258,  of  Hg  1  303,  —  3  ;  6 ;  of  Cu»  S  834,  of  Co  S  &68,  =  6  :  7  J 
of  As  O"  403  to  425,  of  As  C  360,  =  ]  5  :  14  ;  of  As  S-^  368,  of  As  S'  31 1, 
^5:4;  but  all  these  retationa  aro  luerely  approximate. 

4.  Kopp,  like  Lc  Roycr  and  Dumas,  makes  aee  of  atomic  Tolanies 
(see  pn^e  57).  He  formerly  determined  the  atomic  volume  of  a  com- 
poond  by  subjecting  those  of  its  elements  to  a  coDiplicated  calculation  by 
means  of  various  ooef&cients :  lately  he  baa  for  the  most  part  approxlmatM 
to  Schroder's  method  of  calculation. 

5.  Sdirodera  Theory  of  Voluntas.  By  dividing  the  equivalent  of  * 
subetonce  by  it«  specific  gravity,  Schroder  obtains  the  Eqmvalent  *(dvaiie» 
which  agrees  with  the  atomic  volume  of  Kupp  in  value  but  differs  from  it 
in  signification,  iuosinoch  as  ecjuivalent-TOluinea  may  be  adopted  even 
when  the  atomic  theory  is  discardc'l.  The  meaning'  of  the  term  has  been 
already  explained  {page  57).  The  atomic  voluuie  or  equivalent  volume, 
is  the  reciprocal  of  the  atomic  number,  so  that  if  the  atomic  nambcr 

^  Z,  the  equivalent  volume  may  be  denoted  by  w.  Schi^er's  equiva- 
lent-volume or  Kopp's  atomic  volume  may  be  reduced  to  the  atomic 
number  as  folluwE  :  Both  are  founded  on  the  atomic  weights  of  Berxelius 
(that  of  oiygeu  =  100).  Thus,  for  example,  the  atomic  weight  of  sul- 
phur being  20116  and  its  sp.  gr.  1-98,  its  atomic  volume  ie  20116  :  1-98 
^  1016.  If  now  the  atomic  weight  of  oxygen  =■  S  instead  of  100,  the 
equi'Valent-Tnlnme  maet  be  dimiiiished  iu  tho  ratio  of  ]00  :  8,  (100  :  8 
=  101 -6  :  8*1 26).  Hence  if  the  atomic  weight  of  oxygen  =  8,  thfi 
equivalent  volume  of  eulphur  ==  S'126  :  and  dividing  1  by  this  number 
we  obtain  the  atomic  number  of  sulphur,  viz.  O'l  234,  In  the  table,  pago  55^, 
coIutDO  D,  the  atomic  number  of  sulphur  is  somewhat  greater,  viz.  0'1250, 
because  the  atomic  weight  from  which  it  was  determined  was  rather 
smaller  and  it«  sp.  gr.  greater.  In  order  then  to  reduce  the  equivalent 
volume  of  Schroder  to  the  atomic  number,  we  must  multiply  by  ^^  and 
divide  1  by  the  product ;  and  conversely,  the  reciprocal  of  the  atomic 
number  given  in  this  work,  multiplied  by  J-^,  gives  the  equivalent  volume 
of  Schroder.  Now,  according  to  Schroder,  the  equivafent  volume  of  a 
compound  is  equal  to  the  sum  of  the  equivalent  volnincs  of  its  elements, 
with  this  limitation,  that  iu  many  cases  the  eqiuv.  vol,  of  one  or  the  other 
element  requires  to  be  multiplied  by  some  factor  cither  integral  or  froo- 
tional.  The  application  of  thie  law  will  bo  aeen  in  the  following  examplra,  in 
which,  however,  for  the  sate  of  easier  comparison,  tho  atomic  weights  and 
specific  gravities  of  the  tables,  pp.  55  and  68,  have  been  used;  this,  however, 
makes  no  material  difference,  inasmuch  as  the  equivalent  volumes  thus 
obtained  merely  require  to  be  multiplietl  by  J-|i,  in  order  to  give  almost 
exactly  those  employed  by  Schroder.  The  eq.  toI,  of  carbon  is  6  :  3-5 
=  1-714  ;  of  sulphur  16  :2'000  =  a;  of  zmv  32-2  :  6-9154  =  4658  ;  of 
lead  103-8:  1 1-38S&  =  9114  ;  of  mercury  101-4  1 13  559  —  7'478.  That 
of  sulphuret  of  carbon  is  38  :  1272  -=28-874;  of  ealphuret  of  linc 
48-2  : 3-923=  12286;  of  snlphuret  of  lead  119'8:7-505  =  15-962;  and 
of  sulphuret  of  mercury  =i  14-5fifl. 

Now  1  eq.  vol.  zinc  +  1  eq.  vol.  fiolphur  =  1  eq.  vol.  sulphuret  of 
zinc,  nearly  (4*6.58  +  8  =  12-G58).  8  eq.  vol.  carbon  +  2  eq.  vol.  sul- 
phur =z  I  eq.  vol.  sulphurot  of  carbon  (2 .  8  -f  8  ■  I"7l4  =  2»-7l2);  1  eq. 
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ToL  lead  +  f  cq.  vol.  eulphur  =  1  eq.  vol  sulpbutet  of  lead  (9'114  + 
^  .  8  ^  15'514);  atid  Jj  eq,  toI,  mercury  +  I  eq.  vol.  sulphur  =  1  »q. 
Yol.  cinnabar  (0-9  .  7'4T8  +  B  —  15'478). 

Conrersely,  according  to  these  prinuipleSj  we  may  from  the  cq.  toI.  of 
«  Compound  dcterlniiie  the  eq.  vol.  and  thence  the  sp.  gr.  of  its  elements, 
when  the  sp.  gr.  and  thence  the  eq,  vol.  cnanot  be  determined  directly. 
In  this  manoer  Schroder  tuiikes  uae  of  the  compounds  of  oxygen  to  dcter- 
iine  tho  eq.  vol.  of  that  clement  in  the  solid  state;  this  he  finds  =  33*8, 
rhick  must  be  reduced  to  2*704  Lf  the  atomic  weight  of  oxygen  he  made 
8.  According  to  this,  1  eq.  vol,  zinc  +  1  eq.  vol.  oxygen  =:  I  eq, 
oxide  of  zinc  (4-B.^8  +  2-704  =  7-362) ;  if  now  we  take  Moha' 
dctertidnation  of  the  sp.  gr.  of  oxide  of  zinc,  viz.,  5"432,  we  obtJiin  402 
5  432  Si  7*417  for  the  eq.  vol.  The  eq.  vol.  of  potash  is  obtained  by 
dding  ^  of  an  eq.  vol.  of  potassium  (3jj'2  :  0*865  =  45*318)  to  1  eq.  vol. 
wygen  ;  we  have  then  4  .  45-318  +  2*704  =  17-210;  the  calculation  of 
tbe  eq.  vol-  from  the  sp.  gr.  of  potaeh  gives  47 '2  :  2*658  =  17*771. 

If  atomic  numbers  ue  ased  instead  of  equivalent  volumes,  Schroder's 

setbod  of  calculation  take«3  the  following  form.     The  equivalent  volume 

■nbstauce  ia  the  reciprocni  of  its  atomic  aumber,  that  is,  if  tho  ktter 


litiides 


Z" 


If  now  the  eq.  vol.  of  one  element  be  denoted 


•=.  Z,  the  former  j=  ~. 
it 

by  —  and  that  of  the  other  by  —  we  shall  have  for  the  sum  of  these 


+ 


5^'  •i*  7" 

ii— ,     Finally,  since  the  atomic  number 


T^ 

WT."  '  Z'  Z*  ~    Z'  Z* 

i«  the  reciprocal  of  the  equivalent  volume,  the  atomic  number  of  the  com- 

J      -Tl  k       Z'  Z" 
ponnd  will  be  ^r^ 

■•■  " 

The  atomic 


=j      =^     Hence  Schroder's  mode  of  calenlation,  aocommo- 
Zt  -i-  ^ 

ited  to  the  nae  of  atomic  number»j  gives  the  following  rule: 


iber  of  a  corajtouud  ia  equal  to  the  product  of  the  atoinic  numbers  of 
two  constituents  divided  by  their  sum.  In  those  cases  in  whiuh, 
^hccording  to  Schrodor  s  method,  we  should  not  simply  add  the  eouivalent 
volumes,  but  previously  multiply  one  or  both  of  them  by  integral  or  frac- 
tional factors,  the  same  must  bo  done  in  tho  altered  form  of  tbo  method 
when  atomic  numbers  are  used;  the  numerator  of  the  above  fraction  will 
remain  the  same,  viz.,  the  product  of  tha  atomic  numlHsrs  of  the  two  elo- 
itouU,  but  the  ti>rm»  of  the  denominator  must  be  multiplied  by  the  eamo 
ct'irs  as  those  used  in  Schroder's  original  method,  taken  however  in  the 
svorso  order*.  Thus,  in  the  caao  of  aulphuret  of  carbon,  Schroder's  method 
fpquires  the  addition  of  8  volumes  of  carbon  and  2  of  sulphur;  according 
to  the  metbod  now  under  cousiideration,  the  divii^or  couEists  of  twice  the 
atomic  number  of  carbon  +  8  times  that  of  sulphur.  A  few  examples 
will  fhow  ihc  application  of  this  method;  the  atomic  numbers  are  those 
in  tAbl*>  page  5j,  column  F,  and  those  in  the  lost  table,  coluiiiii  G.  The 
nurob<?r  in  brackets  is  the  atomic  nuraber  obtained  by  dividing  the 
specific  gravity  of  the  compound  by  its  atomic  weight  and  reduced  to 

•  I-rt  Z'  Z'  tie  the  Iwo   storaic  numbers,  is',  m"  the  corresponding  factor*:   then 

1  1         B.'  2"  +  m"  Z' 

m'  —  +  nt"  —  =  ■- 

Z'  Z"  Z'Z" 

Nfce  radprocaJ  of  wliirh, ».».  the  ntomk  Dumber  of  tbe  comiKiund  u  ~»  g>  i   ^t  ^t* 

[W.] 
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tlie  etandaril  of  Uv'ifogpn  gas,  ob  gtveu  in  the  lust  t&blc,  culunui  G;  it 
eorros  for  coiniiarisou  with  the  result  of  the  catcuhitiou. 

Zn  S  (23NC  .  1388)  ;  (  2386  +  1388)  =  878  (003) 
AgS  (1071  .  !38«)  :  f  1071  +  J3«81  =  604  (613) 
C  S'    (6481  .  1388)  ;  (2  .  fi4Sl  +  S .  1388)  =  873  (372) 

Tlia  Twnlt*  obta-incJ  t*y  the  applicatJoo  of  llijg  method  to  tUe  mora 
Important  compounds  are  given  in  cwluninB  H  and  I  of  the  table.  Culumn 
H  shows  the  factors  hj  which  tho  if  rnia  of  the  dirisor  mxtst  be  multipliod 
to  ohtniu  an  approximate  result.  The  uumljcr  on  tho  left  applies  to  the 
atomic  numlier  of  the  element  which  poes  first  in  the  formula  iu  column  B; 
that  on  the  right  to  the  element  which  etande  last  in  tho  same  formula. 
Opposite  cionabar,  for  instance,  we  find  1,  -^-j  this  shows  that  the  product 
of  the  atoinic  numbers  of  mercury  an*l  stiljihur  niust  he  divided  by  the 
atomic  imniber  of  mercury  +  -^j,  of  that  of  Bulphur.  Column  I  fives  the 
result  of  this  calculation,  which  is  to  be  compared  with  the  atomic  nom- 
ber  in  column  G.  The  multipliers  used  are  in  some  cases  the  same  as 
those  used  by  Schroder,  in  others  different  on  account  of  differences  in  the 
specitic  ^mvitiee  and  atomic  weights  adujited  in  the  calculation.  The  atomic 
number  of  oxygen  has  been  assumed  =:  4200,  that  of  hydrogen  =  1747, 
and  that  of  nitric  acid  =  364. 

A  sur^^ey  of  the  table  shows  that  the  terms  of  the  divisor  must,  in  by 
far  the  greater  number  of  intitanoes,  be  multiplied  by  certain  factore  ia 
order  to  obtain  the  desired  quotients;  and  it  is  ea^y  to  see  that  if  we  *re 
allowed  to  alter  the  divisor  by  multiplying  ita  two  ternia  by  any  whol* 
numbers  or  fractions  that  we  please  to  assume,  we  may  always  obtain  A 
near  approximalioa  to  the  desired  atomic  nnmljer,  whatever  may  be  the 
prod<Jt:t  obtained  by  ninltiplying  together  the  atomic  numbers  of  the  two 
constituent  clerncuts.  The  sime  remark  applies  to  Schroder's  method  ta 
its  original  forai,  fa  ■which  the  equivalent  volumes  before  addition  jna.y 
he  multiplied  by  auy  nninltera  or  fractions  wbatever,  and  thus  any  de- 
sired sum  may  be  produced.  The  multipliers  which  Schroder  used  in  hia 
cilmhitintis  are  2, 3,  4,  B,  8,  15;  i.  f,  f ;  i,  f  |,  f ;  i,  |;  |,  f ,  J^j  |:  and 
the  use  of  these  itiii  Hi  pliers  docs  not  appear  to  follow  aiiy  regular  law. 
Although  in  looking  over  these  very  remarkable  calculationa  of  Schrod<!f, 
it  cannot  fuil  to  strike  us  that  the  equivalent  volume  of  a  compound  ia  ia 
many  cases  obtained  by  Hiniplo  addition  of  those  of  its  elements,  the  value 
60  determined  being  very  nearly  equal  to  that  which  results  from  dividing 
llie  atomic  weight  by  the  specific  gravity,  still  as  the  densities  which  give 
the«e  results  are  not  always  (hose  determined  by  the  most  trustworthy 
observations,  and  «;b  id  the  greater  number  of  cases,  it  is  necessary  to 
multiply  by  the  most  various  numbers,  it  must  remaiu  doubtful,  so  long 
as  these  multipliers  cannot  bo  sLown  to  follow  any  regular  law,  whether 
this  roodo  of  calculation  rests  upon  any  rational  foundation, 

6,  Finally,  I  add  my  own  method  of  considering  these  relations, 
which  will  at  least  serve  to  ehow  that  thej  admit  of  various  modes  of  cal- 
eulation.  It  may  be  expected  that  in  the  combination  of  2  bodies  of  dif- 
ferent atomic  numbers,  one  of  which  tends  to  fill  the  space  with  a.  larger, 
the  other  with  a  smaller  number  of  atoms,  tho  result  actually  produced 
will  bo  a  mean  between  the  two.  Since  however  a  compound  atom  occu- 
pies more  space  than  a  simple  one,  and  more  especially,  since,  by  reason 
of  the  greater  number  of  atoms  composing  it,  its  attraction  for  heat  is 
stronger,  and  causes  a  more  abundant  collection  of  that  clement  around 
it,^ — the  iuterstrtbiil  ppaees  wil!  from  that  cjinsc  be  enlarged,  and  the  number 
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of  tttoms  in  a  given  space  probably  Uiminiabed  according  to  HxpJ  laws. 

Tliia  «iiiaiDDtion  appears  to  vary  as  tUe  square  of  tTie  number  of  atoms 

which  make  up  the  compound  atom;  not  however  exnictly,  but  auhjoct  in 

many  cases  to  marked  exeeptione. 

The  following  oxaiiiplea  eerve,  as  far  as  they  gf,  to  establish  thia 

Tiew.     In  the  combinations  of  I  At.  of  a  inctiil  with  1  At.  sulphur,  thia 

Irw  would  require  ns  to  add  tho  atomic  numbers  of  the  metal  and  (sulphur 
od  divide  the  sum  by  4,  i.e.,  the  square  of  2,  since  the  compound  atom 
>i]t(ist«  of  2  simple  atoms;  but  the  divisor  ia  never  exactly  4,  and  varies 
'om  3'6  to  4"6.     Within  the  bnickels  is  put  for  comparison  the  atomic 
thcr  of  the  compound  obtained  by  dividing  the  specific  gravity  by  the 

aioraic  weight  and  reduced  to  the  standard  of  liydrogoa  gae. 


noml: 


SnS 
PbS 
NiS 

%s 

AgS 


03T3  + 
1218  + 
3242  + 
14*l.>  + 
1071  + 


1388) 
1388) 
1.^88) 
13H8) 
1388) 


CdS  (1719  +  13gS) 
Za  S  (2386  +  1388) 
Mn  S  (3220  +  1388) 
Cq  S  (304G  +  1388) 


3-6  =    7C7  (719  to  780) 
3-7  =    705  (695) 
3-T  =  1251  (1267) 
3-8  =    7.>6  (7R2) 
4     =    602  (ei3) 
4-2=    739  (710  to  742) 
4-2  =    899  (0O5) 
4-6  =  1002(1019) 

i-s  =  964  (ms) 


9  =  831  (8-34) 

6  =  090  (972) 

7  =  C81  ((i.il) 

8  =  519  (542} 
10  =  360  (368) 


In  disnlphuret  of  copper,  Cn-  S,  2  atoms  of  metal  are  combined  with 
At.  sQJphar:  in  bisulphurets,  1  atom  of  metal  with  2  a,toms  of  sulphur: 
nd  since  io  these  compfluuds  the  nuniher  of  simple  atoms  composing  the 
ieotu|>ound  atoms  is  3,  the  divisor  ought  to  be  3:  it  varies  however,  as 
folio  wsr^ 

Cu'  S  (2  .  3048  +  1388) 
FoS*  (  3203  +  2.  1388) 
MnS-  (  1991  +  Z.  1388) 
Sn  S*  (  1373  +  2. J  388) 
AsS"    (        8^0  +  2.  1388) 

tj0Oiabinations  of  I  At.  uietal  with  3  At.  Balpbitr.  the  divisor  should 
^i  —  IC: 

AaS'  (880  +  3.  1388)  :  16  =  315  (311) 
Sb  S'  (576  +  3  .  1388)  :  17  ^  278  (272) 
With  2  At.  motal  and  3  At,  sulphur,  the  divisor  shouM  be  5.  5  =  25: 
Bi»  S'  (2  .  1024  +  3  .  1388)  :  20  =  311  (298) 

The  mode  of  calcniation  being  sufficieatly  exhibited  in  these  exam- 
«,  it  will  lie  enoiigh  in  those  which  follow  to  give  the  chemical  formula, 
projwr  divisor,  and  the  resulting  atomic  number,  together  with  that 
nd  from  the  sp.  gr.  (in  brackets): 

K  I  r  3  5  -  193  (195).— Pb  I  :  S'O  =  295  (29]).-Hg  I  :  63  =  303 
(803),— Ag  I  •  «3  =  239  (238). 

Hg*  I  :  9  =  262  (258), 

K  Br  :  3  =  223  (228).— Pb  Br  :  4  =  410  (403.)— Ag  Br  :  4  =  37* 
(378). 

Hg'  Br  :  8  =  291  (289). 

K  a  :  2',3  =  287  (285,...289),— NaCl  ;  32  =  384  (390).— Pb  CI : 
3-5  =  467  (404).— Ag  CI  :  3'5  =  424  (fls) — Hg  CI  :  4-4  =  432  (430). 
SCI  :5  =-  361  (351). 

Ctt*  CI  :  9  =  431  (412).— Hg^  CI  :  7  =  331  (325).-^'  CI  :  11  =  290 
(S78)._PCP  :  10  =  117(117). 


ArrrNiTT. 


i«f  kraraine  &q<1  chlorine  (tl)«  latter  more  parti  cularlj) 

M  mmA  below  ita  Dormal  ralae,  possibly  Weausc  tite 

of  ltrt«a  compoutwls  have  b«en  detOTmined  from  their 

■  tbe  liquid  state  and  may  therefore  be  too  emalL    It  i»  aisty 

|e  tkat  the  divisor  always  haa  ita  smaUcst  valnes  in  the 
iam  and  eodiutii  with  iodlDe^  bromiue  aud  chlorine; 
.  then  silver  and  then  mercury. 
|l  m  p— tWft  according  to  this  view  to  calculate  the  hypothetical  atomio 
fHwW« w  oxjl^n  from  ita  combinational;  but  difTerent  compoands  gir? 
vidkfy  different  results,  the  numbers  thus  found  varying  from  IdOO  to 
4UM;  usd  ainee,  whatever  nambcr  ia  asBunicd  as  the  true  one,  the  orvjgen 
WM[|WU>><h*  exhibit  relations  differing  from  one  another  mach  more  widely 
IkMi  those  above  con$idt;red,  it  seems  better  to  leave  thie  hypothetical  part 
<lf  th»  calouUtion  on  one  side  till  the  causes  which  may  aJTect  the  magnj- 
tttd*  «f  the  divisor  shall  have  been  better  ascertained.  The  great  varia- 
tion  in  the  results  will  bo  ecea  from  the  following  exflmjdes.  Sioe^ 
apDOitdioi^  to  the  law  under  contjideratioD  the  atomic  number  of  a  metallic 
vxiilo  -liKiitd  l»e  found  by  adding  the  atomic  number  of  the  metal  to  the 
atMiuic  number  of  oxy^u  and  dividing  the  fiutn  by  4,  (the  oxide  b«in^ 
mi)>)hu<ih1  to  onntaiu  1  At.  metal  and  1  At,  oxygen),  it  followa  that  if  we 
uulci]>)y  the  atotnio  number  of  Eucb  a  metallic  oxide  by  4  and  subtract 
|]^  Atomio  number  of  the  motaJ  from  the  product,  the  remainder  will  be 
|i«  atomio  number  of  oxygon.  By  treating  diHerent  metallic  oxides  in 
iki*  luannor  we  obtain  the  following  results;  Potash ^  (€25  .  4)  —  24.^  = 
tiAl  Soda;  (flOD.  4)  -  468=3520.  Oride  of  zinc;  (1548  .  4)  -  2386 
as.  SlUOi.  Oxido  of  copper;  (1795  .  4)  —  304G  =  41G6.  Subosido  of 
^i^MHMT  Cu^  0,  in  which  there  are  3  atoms  and  coa»^quently  the  diviaor 
=.  J»,  nivoM  (HHU  .  »)  —  2 .  3046  =  1936. 

Clia  aarno  method  applied  to  compounda  of  the  eeoond  order  gives  the 
((mMowUim  nuiult«: 

'    ^    '-'lu  Carlonntes.      Ba  0,  C  0-  (687  +  419)  :  2*3  =  481   (484), 

ii>  >ti  =  .147  (.'i4a).— Cii 0,  C 0-  (Arragonite)  :  2-5  =  660  (664). 

|S  13  =  5:ja(.W3).— ZbO,CO':2'5  ='787  (T81  ..,7»0),— Ag  0, 

V  IN  I  (4NII).— kO,  CO' :  2-8  =373  (363).— NaO,  CO- :  2-8 

'  'a  0,  C  0'  (Cttlcjipur)  ;  2'8  =  590  (599).— Mg  0,  CO': 

-Mn  0.  C  O' ;  2  H  =  C73  (084).— Here  the  divisor  varies 

'  M     timt  it  if  not  oc|ual  to  4,tuay  perhaps  arise  from  the 

I  (Miiltv'hiiv  lu'id  liaving  been  ealctilated  from  ite  specific 

I    nl(lt^^ ;   thci-it  CUM  l)i>  no  doubt  that  the  sp,  gr.  and 

■  ill*  iiuuibor  of  milid  carbonic  acid  is  much  greater. 

llaO.  HO'  (im*  +  .'547)  ;  3-1  =388  (400... 

.  t,|  (  ^.U)).  — I'b  0.  S  0»  :  3'3  =  451  (451).— CaO, 

».,  II     •' 0'    nA  =  3S2 (380),— K 0,  S 0^  :  3-5  = 

^  1 1 M  ( i  I U).— Zn  0,  SO' ;  4-5  =  473  (471 ). 

V  t^tO,  SO'  ;  4'7  =  4f>8  (498). 

•  II ti^  iiuuiliiir  of  nitric  acid  being  hypothe* 

■    ■'     NO"   (flH7   +  300)  :  37  =  267    (271). 

n    -AbO,  NO'  ;  3'0  =  279    (284).— K  0, 

.     ,*iW).— I'UO,    NO'  :  4-2  =  300   (294),— N»  0, 

iH 

'1  i  of  tmrytii  and  Btrontia  require  the 

if  'ilvcr  iiiid  |mtjiJ3h,  then  soda,  then 

I  I    id,  luul  (ixide  of  zinc  is  variable. 

I     ii)       1-5  =i  413    (414).— NaO, 
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HO  :  4  =  558  (552),-^  0',  HO  :  42  :=  424  (418).— S  0»,  2H  0  ;  12 
=  851  (2i}2).^-S  0',  3H  0  ;  IC  =  265  (270).  Tliuse  esiacs  are  nearly  b 
accordance  with  the  law;  the  Jivisor  of  SO',  2H  0  sljoulil  Lowever  be 
9  inst<-iul  of  12.  The  first  hydrate  of  uitric  aciil  doea  not  give  so  cioee  &□ 
apprvxiiiKitioD :  N  0',  H  O  {300  +  1234)  :  5-7  =  269  (268).  Forpypaiini 
w«  have  Ca  O,  S  0'  +  2H  0  (4T4  +  2  .  1234)  :  10  =  2M  (298),  the  divi- 
sor being  10  JDstead  of  9. 

Tbe  law  thus  developed  may  be  expressed  by  the  following  formula : 

in  which  Z*  denoteH  the  atomic  number  of  the  first  element,  Z*  that  of  the 
«ocond,  Z'"  ttiat  of  the  compoiind,  x  the  number  of  atomg  of  the  first 
element,  y  thai  of  the  second,  which  make  up  the  coniimund  atom.  In  the 
applimtion  of  this  \a,\v,  striking  de\'iatiocis  are  apparent,  aa  may  be  spcu 
from  the  foregoing  calculations.  The  ninat  reniarkable  eisception  is  pre- 
mcnU-d  by  snlphuret  of  carbon,  C  S';  (S481  +  2-1388)  :  25  =  .569  (372); 
here  tT>e  diiriaor  is  25  instea^l  of  9,  aa  if  the  number  of  atoms  in  the  com- 
ponnd  were  5  instead  of  3,  Even  allowing  that  many  exceptions  m$.y 
wwe«  partly  from  errors  in  the  supposed  atomic  weigbtia  of  the  simple 
snbetanooa,  partly  from  incorrect  determinations  of  the  specific  gravities 
of  ilieee  simple  substances  and  their  compounds,  the  law  mnsl  slill  be 
looked  upon  An  fnj-  from  the  truth ;  it  must  uceda  be  niodifieil  by  many 
ctTOumst^nces  of  much  greater  importance  than  thoae  just  noticed,  and 
not  till  the.'W  circumstances  have  been  discovered  and  reduced  to  calcula^ 
t'on,  shall  wo  be  able  to  regard  the  law  aa  established  ou  a  pro])er  founda- 
tioD.  The  ditforcnt  degrees  of  cohesion  in  comjKiunds  and  their  elements, 
ood  thrir  different  attraction  for  heat  would  probably  be  found  of  parti- 
cqW  iniportantie. 

It   is  to   be  wished  that  thi.i  matter  could  be  subjecte^d  to  careful 
mathematical  analysis :  the  foregoing  table  might  furnish  the  required  data. 

^  Tbe  study  of  the  relation  between  atoraie  weight  and  denaitv  has 
recwire'l  eomt  important  additions  since  the  publication  of  the  lust  edition 
of  this  work.  Of  tlic  researches  of  Kopp,  Schro'ler,  Lowig,  and  others  of 
the  cwntineutal  cbemiets  an  elaborate  account  is  given  in  the  report  of 
Pmfeseor  Otto,  a  translation  of  wbicdi  appears  in  the  volume  of  Reports 
Memoirs  lately  brought  out  by  the  (javendiali  Society.  The  recent 
Boix  *if  AI.  Fiiljol  {N.  Ann.  Chim.  Pfitfi.,  21,  415),  induded  in  the 
3e  Volume,  likewise  gives  a  review  of  the  labours  of  previous  experi- 
dtcra  in  this  brancli  of  science,  and  adds  some  interesting  rcgults 
^Irtaitied  by  the  author  himself,  I  ehcLll  here  notice  8ome  of  the  leading 
points  in  Si.  Fiihol's  memoir. 

The  atithor'B  calculations  are  fotmtled  on  the  following  atomic  weights 
and  dcn^itioa,^ — the  latter  determinetl  by  his  own  experiments. 

AUmk  WcU/hts  (0  =  100) 

8S4-85  Mc^esium . . 1&7-7S 

......* 69617  Manganese....- UfU 

••..  250'00  Mercury 1250-90 

...,, 7500  PoUssittin 488-84 


Bvnun 
CiiHnm  . 
Chlorine. 


•  •!■••••< 


443-02 
240-83 
3BC-00 

16»5-S7 
3a0'00 

1294-50 


Silvrr 134301 

SiHliara 287-17 

Stroiitiani 545-60 

Sulphur 200-00 

Tin  .,......,. .,,  735-03 

iSinc. 406-59 


APFINJTV. 


Demitiea. 


Iodic  acid    ...,.■ •• 

Anenioos  «f id ..- 

ArMnic  arid •  ...... 

Protoiide  of  bsrinm . . 

,,  itronttaTn 

,,  calciam 

,,  aluminaiD  .......  t , - 

,,  zinc    

,,  lead 

Bi-oxide  of  cojiper  (black  oxide)   . . 
Anhydrous  chloride  of  potartititu  . . 
,,  ,,        sodium  . . .. 

,,  ,,         barium  .,  .. 

,,  „         •trontinm  .. 

„  ,,         calcifflin,... 

iron  (PeCl) 

Iodide  of  poUMtuni   .• 

„       aodinin 

,,        barium    .............. 

II       iMd 

„       inerCTirT  (Hgl*)   ...... 

„        iiiytT 

UonnmllEtliiiret  of  potaaiium 

,,  sodium 

Cftrhonttte  of  pota&h 

,,  »ocln 

, ,  buyla  .. 

ADhydroiu  sulphate  of  potasb  .... 

'„  „  soda  ...... 

„  „  itrcntii..  .. 

t.  „         liine 

„                   >.          migneMia  .. 
II         ssinc 


4-2S0 

3 -as  4 

■I-250 
5-456 
4.G1I 
31gO 
J-154 
5fil2 

6322 
1-99* 
2-240 
37M 

2-960 
2240 
2-528 

3-056 
3430 
4-917 
6'3S4 
6*250 
5'&00 
2-130 
2-471 
2-267 
2-509 
4-565 
2-626 
2  629 
3-770 
.1-102 
2'G28 
3-40O 


Anhydrous  sulpbrte  of  copfwr  .. .. 
,,  ,,  iron  ..  .. .. 

,.  ,,         aiher 

,,  „         lend   ...... 

Nitrate  of  Mwla 

baryta ..  .... 

„         stranda. ..-,.......,, 

I.         lime 

,,         lead 

H  jdrate  of  potasit    ,..,..  ...... 

,,  Mida   .............. 

bwyta  {BaO,  HO).. 
„  ttronUa  (SrO.  HO).. 

baryta  (Ba  0,919  O) 
„         strontja  fSr  O,  9H  O) 

,,  line .. 

„  lime 

Ci7«tiilli«ed  diloride  of  baridin   . . 
.»  ft  vtrondcun 

I,  ,,         calcium . . 

,,  >,         ma^e^um 

II  ,,         ircm    ..  .. 

CrjitaUixed  salpliate  of  soda   .... 
,.  „  lime    .... 

■  I  II  uluminu . , 

14  ..         ifoti    .... 

II  >i  zinr    .... 

11  copper    .. 

Crystal!  iiftl  tiitratc  of  slrontia. .  . . 

,1  ,f        lime  ...... 

Anhydrous  borax ,,-,,, 

CrysUlliacd  borax.. ...... 


Moat  of  (heae  densities  agree  very  well  with  tlioae  formerhy  detcnnineill 
by  Boiillay,  Mohs,  Karsten,  Ike,  but  there  are  some,  e.ff.,  tliaae  of  baryta 
an*l  stroutjfv.  wbich  differ  ponsideratly  from  former  dcterminationg,  as 
will  be  seen  Uy  reference  to  tlio  table  i»p,  G8  , , .  -72.     Now   it  lias  heen 
ehown  by  Kopptliat  all  the  metala  enterinto  conibinaticm  without  change 
of  volume,  with  tbp  exception  of  potassium,  .sodinm,  barium,  fitrontium, 
magnesiuin,  calcitim  and  alumintim.     With  regard  to  barium  and  stron- 
tium, it  tnnst  be  nbserved  that  the  volumes  wbich  Kopp  a.ssjgne<l  to  them 
metals  were  dedueed  from  tbra  ffpoclfic  gravities  oi  baryta  aud  strdiitia  fts^l 
determined  by   Karsten.     Filhol  however   shews  that  by  adopting  tko^| 
densities  given  in  the  preceding  table,  barium  and  strontium  may  be  ~ 
removed  from  the  list  of  exeepticmB,     Thus  the  density  of  baryta  being 
5-456,  its  equivalent  volume  ie  VfiV  =  17-'5,  and  estimating  the  volume^ 
nf  oxygen  in  these  oxides  at  32  (Kopp,  N.  Ann.  Chim,  Phyt.  4,4f)2)  we fl 
have  for  the  equivalent  volume  of  barium,  175  —32=  143,     "tmilarly 
for  strontium,  the  equivalent  vfdurae  of  strontia  being  VFtT*  =  '^'*>  ^.he 
equivalent  volume  of  the  metal  is  140  —  32=:  108:  and  these  aro  the 
volumes  with  which,  according  to  Kopp,  the  nietale  barium  and  BtroQtiiun 
enter  into  other  combinations. 

Sclinidor  ba3  remarked  that  if  from  the  equivalent  volumes  of  a  series 
of  analogons  compounds  (oxides,  chlorides,  &c.)  tbo  volume  of  one  of  the 
elements  be  dcdurtcd,   a  constant  remaiQder.^|d|^^c^taiticd  tur  th« 
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element  wirinmon  lo  tlie  whole  een'fis.  On  a])plying  tliis  process  to  nitrate 
of  Bilrcr  anJ  nUrate  of  lead,  and  deducting  tLc  C'|iiivalent  volumes  of  tlie 
metals  contained  in  these  aalls,  a  constant  remainder  3.5H  is  loft  for  the 
rmdical  N  0'.  If  on  the  other  hand  the  t'ljuivalent  volumes  of  the  oxides 
be  deducted,  the  silver  ealt  gives  for  N  U'  tlie  remnlader  294,  and  the 
lead  salt  32G.  Kopp  regards  this  aa  an  argiimeot  in  favour  of  the  theory 
of  h^drogen-aciJ!<-  FiUiol  however  slinws  by  numerous  examples  that 
with  re^^ard  to  aconsidorablc  number  of  eaUs,  the  subtraction  of  the  vnlume 
of  the  hiise  leaves  a  constant  residue  for  tho  oxygen  acid,  Thua  sulphuric 
a«id  appears  to  have  two  different  volumes  in  combination  ;  the  sulphates 
of  leail,  haryta,  potash,  and  strontia  give  for  SO'  the  remainder  154, 
ihow  of  eopper,  zinc,  limp,  uiagncsiii,  and  soda  give  204.— The  chromatea 
of  lead  and  potash  give  for  CrO*  the  remainder  1U6. — The  tnngetafes  of 
lead  and  limo  give  \V0^=:212. — Tho  airhoiiates  of  eadmiutn,  iron, 
niunganese,  lead,  zinc,  barvta,  lime,  magnesia,  potash,  eoda,  strontia,  and 
Mi^i  the  double  carbonate  of  limo  and  magnesia,  ^ivc  for  carbonic  acid  the 
rolame  119;  and  lastlv,  tlie  nitratea  of  lead^  ammonia,  potaah,  soda,  baryta 
AD't  «tront)a  give  for  N  0'  the  volume  32C.  The  discrepancy  which  oceiirs 
iu  the  cffli<c  of  uitrate  of  silver  is  attributed  hy  Filhol  to  an  error  in  the 
dctenninatton  of  the  density  of  oxide  of  silver.  On  the  whole  therefore,! 
Ihe  re^ta  of  these  calculations  cannot  he  regarded  as  decidedly  favour- 
able to  either  theory  of  the  eoiistitatjou  of  salts  in  preference  to  the 
olhcr. 

Filhol  likewi^  points  out  eorao  remarliable  relations  with  regard  to 
lUc  changed  of  volume  which  take  place  in  combination.  ThuD  with 
Kj2&rd  to  the  chhtride? ;  let  P  denote  the  atomic  weight  of  chlorine,  rf 
its  ileiuiity ;  P  the  atomic  weight  of  the  metal,  </'  its  density;  and  A  the 
density  of  the  chloride  on  the  suppoaition  that  the  elements  unite  with- 

,      ,  ,  (P  +  F)  dd' 

out  change  of  volume :  tuen  A  ^  -  p  jt   .    p"J7~ 

If  now  D  denote  the  density  of  the  chloride  determined  by  experlim^nt, 
always  find  D  >  A,   and  —r: —  expresses   the  coefficient  of  eon- 


lelion. 


The  same  method  is  applicable  to  other  compounds  (sulphates,  curho' 
nstcfi.  &c).  The  following  table  coutaina  a  scries  of  rcsult.'J  obtained  in 
thi!<  manner.  The  density  of  eliloriue  is  estimated  at  15%  being  the 
tOMUi  of  the  results  obtained  by  Faraday  and  Karsten,  viz.  1'33  and  1"3S; 
lIlAt  ofcnrboDicacid  at  O'tH.J. 


Kstte  orCopapound. 

by 
Culcubtian, 

Beosity 
ExpcricDi^iie. 

Co«fficiCT»t 

of 
Contraction, 

1. 

FMntttfTn 

Ciiuridt*. 

1039 

1-994 

a-210 

.H'-50 
2-1100 
2-240 
5-541 

0-i7S 

l5o<iioin     * .  •  • 

I'lOSJ 

o--«7r 

Barivm 

2-82& 

02(iS 

Strontium    . , 
Cftlrinm    •  •  ■  ■ 

1-702 

0.234 

Iir>^ 

3 -92* 

0-291 

SilTrr 

3'920 

0'29i 

TOI,.    f. 

□ 

19 


AFFINITY. 


Nuae  of  Compound. 


Dcnaitj 

Calculntion. 


D«tt«lt]r 

by 


of 

Cootnedoa. 


2.  Sulphaln. 

Mtfntnt, 

Zine 

Copper, ,..,,,.  t, .,.. 

B«lrfU.. 

Stnontia 

Ltmr 

Lead 

3.  Carbonatn. 

BaryU 

Strontii  .,...,.,,.,..,.,... 

Lime .....i 

Lead     , 

Cailminni 

M*^«ia ,  . .  . 

Muig«tiMe 

Zinc..... 

4.  Hf/drattt. 

Baryta  (BaO,  HO) 

Stronti«(SrO,  HO>, .....,., 

Liiiie(C*0.  HO) ,..., 

Magnesia  (Brncite) 

Alnrajna  (Gypsiu) 

Atamina  (AliO>.  BUQ}    ..... 

Zinc(ZnO,  HO) 

Baryta  (B»0,9H0) 

Stnwtia  (8r  O,  9H  Q)    ...... 

5.  CrytttUHitd  Sulpkatt*. 

Soda 

M«^eaia .»... 

Lime ., 

Zino... 

Inw ., 

Cof^per 

6.  ayiailited  Ckloridei, 

Strondnni 

Barium 


S'26fi 
S-980 
2-991 

2-901 
2-3S6 
4'r29 


2-566 

l'4l.'V 
3-491 
2-/ 83 
l-2*iS 
1-264 
1-8(50 


.1718 
2-989 
2-292 
2-336 
2-40Q 
1  ?86 
3-434 
2-288 
1-911 


1-520 
1-761 
2-3ai 
«-(136 
1-904 
2-286 


1-920 
3-1  GO 


2-«28 
3'400 
3-a30 
4-440 
3-770 
3-102 
fi-300 


4-565 
3-510 
2720 
6-4  70 
i-4.'i5 
2  9(16 
3-oyi 
4-445 


4'493 
3*625 
2-0;8 
]-«0 
1-989 
1-459 

1-656 
]-3»S 


J-375 
I '4.^4 
2-099 
1-658 
1-546 
1-829 


1-003 
2-640 


013? 
0  140 
0152 
0  23ti 

0  a.'^o 

0-245 
0-249 


0-437 
0-460 
0477 
0-459 
0-380 
0563 
0'65? 
0-5BI 


01  ?2 
0175 
0093 
01 78 
0-171 
0-183 

o-iia< 

0'2r6 
0-269  I 


0  093  \ 
0-180  I 
O-099 
0171 
018« 
0  19» 


0-165] 
0-165 


It  will  be  aeen  from  tins  tEilile  tliat.  in  a  very  large  number  of  casei^l 
iiidcpendentty  of  all  hypothesis,  the  coefficients  of  contniftion  of  thos^ 
compouads  which  most  strongly  resemhle  one  another  in  a  cliemical  point 
of  Tiew,  are  eensibly  the  same. 

It  may  likewise  be  observed  that  in  a  certain  number  of  cas^e  the  ratSd 
between  the  calculated  densities  of  certain  coDipounds  of  the  eame  kind  i^ 
the  same  as  that  which  exists  between  the  densities  determined  by  experi.^ 
njent.     Hence  we  may  calculate,  H  priori,   the  deiieities  of  certain  siUt 
according  to  those  of  their  clemeuta  and  that  of  a  salt  of  the  same  specie 
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having  s  close  an&togy  |o  the  former  :   In  ouch  a  case  we  UftTe  tu  fact — 
A  :  A'  : :  D  :  IV;— thua  for 

Cbtoride  of  sodinm A  =1-I6J).  D  — 224 

.,  imtawium...,  a'=  1029 

%nA       i'leo      :      1039      ;;      2-24      :      llJOO 
density  of  the  latter  salt  liy  experiment  ia  1*9D4  {vid,  p.  SO);  accord- 
ing to  Karstea  it  is  1-9I5,  according  to  Kopp,  1-R45. — Again  for 

Sulphate  of  baryta A  =  3393,  U  =  4-44 

„  strontia  ....  A' =2*901 

and       3-393      :      2901      :;      444       :      3-796 
TLc  experiment^]  result  ia  3'77;  Karsten  mftk«a  it  3*59,  Breitbaupt  3*95. 

Other  examples  might  be  addtic^,  but  tbo  relatioa  thus  developed  u 
not  eufficiently  geaerul  tn  couatitute  a  law. 

In  conduaion,  M,  Filhoi  remarks  that  the  sxibfcct  of  the  relatiou 
between  atomic  weight  aud  density  is  not  so  far  adraaced  as  has  been 
inuinned, — -that  it  ia  easy  by  slightly  altering  the  numbera  which  form 
tlie  oiMWof  these  ciilculations  to  obtain  results  of  very  fajscinating  uni- 
fortnily;  but  this  ^ery  circumstance  ought  to  create  distrust  of  euch 
reaulta;  fur  it  ia  extremely  difficult — oonaidering  the  great  number  of 
i^uiaca  of  error,  often  inevitable,  which  beset  these  calculationa — to  attain 
tti*i  degree  of  ci^actneKs  which  apparently  belonga  to  many  of  the  reculta 
'^^  '  '  bare  been  put  fortli  iti  connection  with  this  subject. 

A  eeries  of  elaborate  motnoirs  on  atomic  volume  and  Hpecific  gravity 

!  been  publiehed  by  Messrs.  Playfair  and  Joule  in  the  Memoirs  and 
Quarterly  Journal  of  the  Chemical  Society  of  London.  {Ckem.  Man.  2, 
477;  3. '54  and  199;  Qu.  J.  of  Ckem.  .Soc.  1,  121.)  The  principal 
rMiiit«  finntaincd  in  the,;e  memoirs  are  ae  follows. 

I,  The  volumet  o/ mlU  in  solution  are  either  eqiuil  to  eacA  other,  or  are 
mmUiftitt  one  (/the  other. 

If  9,  the  atomic  volume  of  wat^r  (atomic  weight  of  hydrogen  =  I)  he 
l.wmiiil  Butlrr  iifniiiliinil  of  comparison,  this  law  may  also  bethuscxpresWl: 
Vvmpottnd*  diuolved  in  water  increase  itt  volume  eUker  hy  S  <fr  bi/  muUi- 

a.  Certain  silts,  aueb  aa  the  magDesian  sulphates,  the  aluma,  &c., 
lUaaolvc  in  water  without  tucrcAJiing  its  bulk  more  than  ia  due  to  the 
li<jUcfaction  of  the  water  which  they  themselves  contain. 

(/.  Anhrdrotia  salts,  or  salt;:*  containing  a  Email  proportion  of  water 
oeenpy  ia  ttdution  a  number  of  volumes,  which  pa^s  along  with  them 
raeuMnd  into  their  union  with  nthor  ^nlts. 

f.  The  vi)lunte  oceiipiod  by  double  salts  when  dissolved  is  (with 
flvrtftin  exceptiomi)  the  sum  of  the  volumes  occupied  by  their  constitoenta 
whta  •enanite. 

J  I.  TAe  p&tujMt  of  tolid  botliet  hear  a  simple  relation  to  each  other, 
Uttgrnuttiptetof  a  certain  tnbmultipl'  of  the  volume  of  ice. 

The  density  of  ice  aa  determined  by  Playfair  and  Joule  is  0*9184, 
wliidi  »g?re«  almost  exaetly  with  the  number  0*9180  doterniined  by 
Brvnon  (iV.  Ann.  Chim.  Phy*.  14,  3R!i).  Hence  the  atomic  volume  of 
ie»  r=  stUtt  =  "'**■  '^''*  ''*''"!?  determiuetl,  the  euhmultiple  in  question 
ad<«pti:d  by  ibo  anthors  as  fie  unit  of  volume  for  solida  is  */  =  1-225;  so 
tJtat  tLi'  ^Uim  of  ice,  cousidcrr'd  vm  a  giolw  or  eube,  will  have  twice  the 
lit)«ar  dimensiona  of  the  atom  powessing  this  unit-voUime.  In  soune 
'  1  -c*  tbo  Tolttities  of  solid  IkmUcs  correspond  more  nearly  to  multiples  of 

■  o  2 
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l^tt  =  0  6125  than  of  l'2^!i  itaelf:  but  these  cases  being  ootnparatirel^ 

few  are  regarded  us  exceiiLlonal.  TUe  follow  iug  table  gives  tho  atomic 
irolnmes,  Stc.  of  some  of  Ibe  metab  in  a  finely  divided  sLite ;  also  of 
fiawera  of  sulplmr. 


4 


N«ne. 


Atomic 
Weight. 


Volume 

1-225 

VoliMne 

by 

■s 

by 

fnperiment. 

Unity. 

theory. 

3-?S7 

3 

3675 

3'701 

3 

3675 

3*782 

3 

3-675 

3-812 

3 

3G7a 

7  203 

C 

7  350 

8-380 

7 

8S75 

5<5S3 

^ 

5-512 

25-90 

21 

25-725 

5-C65 

*i 

!>-S12 

Sp.  Gr. 

by 

theory. 


Sp.  Gr. 

by 

eiperiment. 


Copper, 

Cobalt 

Nicfeel 

Irufl  ...,...,.. 
Arsenic     .,  ., .. 

Sulphar    

Plitinam 

Ur*nit«m  . .  . . . . 

Magncsiam  . . . . 


31-G5 
29-57 

29-62 
27'!fl 
37-fi7 
16-03 
98-81 
2J720 
12-69 


8  ei2 

S047 
8  060 
7 -356 
5-1 '23 
1-870 
17931 

2-302 


B'AU 
7»89 

71W 
5^30 

17-7M 

2-240 


TLc  volumes  of  tbc  tnetals  in  tbeir  more  compact  state  do  not  accor 
Tcpy  well  with  llie  law  above  statedj  probablj  from  the  efi'oct  of  cot 
aiou. 

Tlio  volume  of  tbc  magnesian  oxides  in  tbeir  most  compact  state, 
found  to  be  very  nearly  5  x  1-225  ^G'12.  Heuce  tbat  of  nxvgen 
these  oxides  must  be  2  x  1  '225  =  2-45*, — Now  Uio  voltvme  of  sulpUur  hn 
fi'57;  consequently,  that  of  eiilphuric  a<?iJ,  SO,  will  be  8'j7  +  3  x  2-43^ 
15'92.  Again  the  mean  sp.  ^r.  of  sulpbate  of  soda,  as  determined  by 
various  eipertmenters,  is  2*562 :  this  gives  27'0  for  the  atomic  volnini*  of 
tbat  salt;  and  dedacting  1.5*0  the  volume  of  eulphuricacid,  we  have  12  for 
the  atomio  volume  of  soda:  this  h  Mcarly  10  x  1-22J=  12  25. — The 
volume  of  potash  (deduced  from  the  sp.  gr.  2  75€  dctermtiieil  by 
Karsten)  ia  J7'75,  which  is  not  fur  from  14  x  1*225  =  ITl.*. — 
The  volume  of  anhydrous  Hulpbat^i  of  ammonia  is  39*2  {Chtm  Mcm^m 
2t  428),  from  which  deducting  15*9  for  tbo  acid,  we  have  left  23'Sfl 
09  the  volume  of  ojcide  of  ammonium.  Thii^  is  very  nearly  18  X 
r22.5  =  23  27. — Aluminum  has  a  density  of  2-3  (\V6bler) ;  this  gWw 
6*47  for  ita  atomic  volume,  making  it  nearly  equal  to  4^  x  1*225  or 
5"5,  Chromium  lias  the  density  5'1  which  makes  it«  atomic  volumes 
5*5:  and  admitting  that  in  the  se-squi-oxides  oxypcn  enters  with  the 
volume  3  x  1-225  =.  3-675,  we  shall  have  for  the  volumes  of  alumina  and 
oxide  of  cbronium  5*51  x  2  +  3G75  X  3  =  22-05.^ — Scs<iui-nxide  of  iron 
being  isomorphoua  with  alumina  and  oxide  of  chroniluni  its  volume  iu  com- 
bination may  likewise  bo  .issigneJ  as  22*05.  The  reason  for  selecting  the 
particular  results  detiiied  in  this  paragraph  will  be  seen  immediately. 
The  volumes  assigned  to  alumiua  and  the  sesqui-oxidea  of  iron  and 
chromium,  must  be  regarded  as  to  a  conaiderable  extent  h3rpothctical. 

I  IT.  In  highly  hydrated  salta  the  water  of  crystallization  alwajf 
occupies  the  volume  of  ico. 

a.  la  the  class  of  hydrated  arseniates  and  phosphates  with  24  atoms 
of  water  of  crystallization,  and  in  carbonate  of  ^oda  with  10  atoms  of_ 
water,  neither  acid  uor  base  occupies  any  appreciable  space,  the  volume  i 

•  This  afTMs  very  nrarly  with  the  tiarob^r  32  nsfifncd  bj  Kopp  (wh««e  numl! 
ana  liased  on  the  ovjgen  scale  of  atomic  weig l«t>  I  for  the  atomic  Tolume  of  oxTeen  :  1 
32  X  T!i  -  2-56.    (W.) 
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Ike  ealt  being  tUo  eanje  as  tbat  of  the  water  of  cryttallkaiion  rojen  into 


ice. 


6.  In  cane  and  milk-sugar  the  carhcm  ceases  to  occopy  space,  the 
hydrogeu  and  oxygon  taking  up  exactly  the  space  of  the  correspoodiop 
((aiintHy  of  wuter  frozen  iuJo  ice. 

Th&se  results  are  eihibiled  in  the  foUowiog  table.  It  is  especially 
reinarkaWo  tbat  in  the  urdinary  phosphate  and  arseniate  of  soda,  the  atom 
of  basic  water  disappears  as  well  as  the  two  atoms  of  soda. 


^i 

.a 

^ 

.s-g 

KBine. 

Formnhi. 

It 

Cvtiotiote  of  indii 

NaO.CO'  +  lOHO 

H3-4 

98-6 

10 

9S-0 

1-463 

1-454 

PltMphate  of  (oda 

2.\ttO,HO,Pa*+2-IHO 

35y-i 

235-5 

24 

235-2 

1-527 

1  525 

S«b-pbo«pliatc 

3KaO.PO»  +  24HO 

381-6 

230-2 

24 

235-2 

I -622 

1-622 

of  khU 

Aneniateofsodii 

2N'aO,HO..\80'+21HO 

402'9 

232  0 

24 

335-2 

1-713 

i-r36 

8*b-a»auiiie  pf 

3N»O.AbO'  +  2^HO 

425'2 

23a'6 

24 

2^5-2 

1-808 

1-804 

awU 

Cane-aagar  .... 

C"M"0" 

171 

107-A 

11 

107-8 

1-5B6 

1-593 

Uilk-sii^r  .... 

(.14  J,«  „„ 

3-60 

2347 

24 

235-2 

1-531 

1-534 

IV.  Another  chuss  of  salt^   incliuling  all  the   hydrated   magnesian 
|lpb.ite«,  sulphate  of  alntoina,  horai,  pyrophosphatB^ of  soda,  and  the 
8,  possess  a  volume  made  up  of  that  of  their  basea  and  of  their  eolid 
their  acids  ceasing  to  be  recognizable  in  space. 

Table  A, 


f  «otip«r  . . 
fxinc  .... 

linia  .... 

Kle  i*f  MHia  .... 
'  I^Nppliixt'hiiti:  of  jKMb 


Fortnulu. 


C'u  O,  -S  0"  +  .IH  0 
ZuO.SO'  +  7HO 
Mb  0,3  0'  +  -HO 
FeO,Sn»  +  5H0 
NlO.SO*  +  (IHO 
N»0,SO'  +  lllflO 
Al'QVaSO'  +  IHHO 
N.O.-IBO^  +  lOHO 


LU-M 
143-48 
laSAT 

iso-o 

13174 
lUl  iN 

1(1133 

■mtr, 


*   ^ 

£  3 


40  00 

68-a 

«8« 

08-0 

170  4 

980 

OS'O 


(i.513 

74  ;-! 

;47'i 
74-72 

llO-Si 

iw-4a 
no-a» 

132-00 


447 

71  a 
ja-4 

7.-)i8 

01-a 

logo 
lutfa 

110-5 
IMO 


2?01 
1-HlB 

i-aas 

1800 
3030 
1404 
1-IV81 
1-734 
1-890 


lost 

i-ees 
a-o»T 

l-4«B 
1-971 

1-730 
I'BSa 


Table  B. 


Forwtila. 


rMBhalnm  .     A.'OVaSO'  +  KO,so>  +  'JiHO 

AMBMMBltHi      " -<0>-t-N  IMO.HO^-t-SlHO 

TVmi  ill  CI'  4-  K<I,S  l)>  ^t^ '24HO 


470- S8 

♦81 -oa 


e  ;:       iS 


aa-oj 

2-JOS 
330A 
*J'2tid 


tl-lfi  S74-4 
2327  tmS'i 

l7J.1]274i 
23-aJiSSOil 


27411 
2SII2 


I  730 

lU-13 

1-714 
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It  will  be  9een  fri>m  theso  uMos  that  manj  salts  cont^lu  one  &toi 
water  of  orystallizalion  for  every  unit-volunic  in  their  base.     Thus 
phBitg  of  alumiaft  posBcssea  18  atoms  of  water,  and  the  volume  uf  its  boee 
IB  18  X  1-225.     Sulfiliate  of  soJa  has  ten  atoms  of  water,  and  the  volunw 
of  ita  Vase  is  10  x  1  22j,     Biborate  uf  Boda  also  cryelAlliies  with   10 
atoms  of  water,     the  magnesian  suiphates  generally  cryelBiliie  with  7  j 
atoms  of  water:  of  these  noiveTdr  2  atoms  are  united  oy  a  inndi  le^al 
powerful  afficity  iLan  tbo  rest,  being  driven  off  by  a  beat  of  212",  and 
even  mider  certain  circumBtances  eecaping  iu  dry  air  at  ordinary  twape- 
ratures.     Tbo  number  of  atoms  of  water  psaentia!  to  the  crystallried  Bait 
may  therefore  be  estimated  at  5,  whicli  is  the  actual  nmnber  contaiued  in 
the  ordinary  crystals  of  sulphate  of  copper.     Tbe  volume  of  the  base  of 
these  salts  is  5  x  r225.     Now  the  volume  of  solid  water  being  9'8  and 
the  unit-volume  of  tbo  base  1-225,  it  follows  that  the  volume  of  tbe 
salt  (in  which  the  acid  does  uoi  appear)  must  lie  a  multiple  of  9-8  + 
1-22.5.  that  is  of  11025.     In  the  first  aeries  of  reaearrhM  by  Messrs.  j 
Playfair  and  Joule  {Chem.  Mem.  vol.  li.  p,  401)  uuiueroiw  tables  aregii-eaj 
showing  that  in  ttiatiy  classes  of  salts — sulphates,  chlorides,  oxalateSj  &«, 
the  volume  in  tbe  soliti  state  is  a  multijilo  of  1 1  or  nf  some  number  verjrl 
near  it.     The  explanation  of  this  fact  is  contained  iu  what  bas  just  bevn 
stated.  H 


J.  StaU  of  Aff^regation^ 

A  compound  is  at  ordinary  temperatures  cither  solid,  liquid  orgaeeona.* 

I.  A  solid  compound  may  be  formed : 

J.  From  two  gaaes.  Condensation. — Hydrochloric  acid  gas  forms  ft, 
solid  compound  with  ammoniacal  ^asj  viz.  sal-animrvniac. 

2.  From  a  gaseous  ami  a  liquid  body.  Absorption. — Mercniy  absorbaj 
chlorine  and  oxygen  gases,  forming  solid  compounds. 

3.  From  a  gaseous  and  a  solid  body,  Ahiorpliun  a^io.^ — -Iron  and ' 
other  solid  metals  absorb  oxygen  gas,  and  hydrate  of  soda  absorbs 
rarbonjc!  acid  gas. 

4.  From  two  liquids. — Mercury  and  bromine. 

5.  From  a  liquid  and  a  solid. — Mercury  forms  solid  amftlgaais  wilh  i 
eeveral  metaU;  burnt  limo  mixed  with  \  its  weight  of  water  crumbles  to  I 
solid  hydrate  of  lime;  burnt  gypsum  mixed  with  water  hardens  into  th«,J 
state  of  gj^isum  combined  with  water  of  crystalliiation. 

B.  From  two  solids,  generally  by  fusion. — Tbe  combinations  of  mctatHJ 
with  one  another  or  with  sulphur 

II.  A  liquid  compound  may  be  formed : 

1 .  From  two  gfi«e«.     Comlenrntion. — Hydrogen  and  oxygen  gases  com- 
bine and  form  water. 

2.  Prom  a  gas  and  a   liquid.     Abtorptton. — Water   absorbs  hydro- 
chloric acid  gas  forming  solution  of  hydrochloric  acid. 

3.  From  a  gas  and  a  solid.  AbMi-ptifin. — Arsenic,  antimony,  or  tin  I 
absorbs  chlorine  ^as,  forming  a  liquid  niet.illJc  chloride,  | 

4.  From  two  liquids.  Mixtutf  in  Us  most  conjined  tmite. — Water  aadi 
alcohol ;  aulphuret  of  carbon  and  chloride  of  sulphur. 

5.  Prom  a  sultd  itiubstance  and  one  that  Is  liquid  ut  the  ordinary  or  »  i 
eomowhitt  higher  temperature.  SoltUwn  in  t/it  wet  noat/, — Salts  aod  i 
water,  camphor  and  spirit  of  wine,  sulphur  and  fntty  matters,  lead  atkt' 
mercuiT' 

6.  From  two  wlids, — Somettmee  in  tbe  cold,  as  gommon  salt  and  ice. 
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Umutli-unalgaiii  and  load-uualgani ;  eometimes  not  below  »  t«d  heat,  u 
Milxia  and  sulphur. 

ni-  A  cunijioutiJ  grt«uou8  at  tbe  ordinary  tflinperature  and  preesure  of 
Ib^  air  arii<es  outy : 

1.  Knim  two  permanent  goseg. — Hydrogen  and  cLloriiie- 

2.  From  a  pomianciit  gas  nnd  »  liquid.— Hydrogen  gas  and  bromme. 

3.  From  B  i>enuanent  gas  and  a  eotid. — Hydrogen  gas  and  eulplmr; 
osy^o  gas  anil  carbon. 

Since  DO  compound  which  is  gaseouB  at  ordinary  pressures  and  tcmpe- 
nitafe«  is  ever  furmed  by  the  comliination  of  two  Hijuids  or  two  Bolids  or  a 
•oUd  aad  a  liquid^  while  on  the  contrary  solid  nnd  liquid  compounds  are 
fi>rm«d  by  the  union  of  two  permanent  gases,  it  may  be  surmised  that  if 
any  of  t!ie  hitherto  undccomposed  bodies  are  really  compound,  ffuch  will 
probably  be  found  among  the  solid  and  liquid  classes. 

The  less  completely  the  mutual  affinity  of  ponderable  bwlies  ia  satisfied, 
nr  in  other  words,  Hie  leas  compL'cated  the  combinations  which  Ihey  form, 
the  fltrongcr  i8  their  attraction  for  heat  and  the  greater  tlicir  ela«tjcity; 
those  elements  which  are  gaseous  imder  ordinary  circumstances  b>ivo  also 
oa  an  arerage  the  amalle-st  atomic  weighte, 

c.  Cri^stalUneForm, 
The  errvtalline  form  of  a  compound  probably  bears  a  de6aite  relation 
to  that  of  its  elements.  Such  a  relation  however  has  not  yet  been  com- 
pletuly  traced  out,  partly  because  the  cryistalliue  forma  of  many  important 
elesBeotfi,  oxygen  for  inatanee,  arc  unknown, — partly  be<%u3e  one  and  the 
MUM  anWauce,  simple  or  compound,  often  aoiuuies  one  or  another  crystal' 
line  form  according  to  circumstances,  i.e.  exhibits  BimorjjMsvi.  {q.  v.) 
The  existence  of  such  a  relation  is  however  apparent  from  the  facts  by 
which  Mit«cberlJch  ba£  established  his  important  theory  of  Isomorphism. 
The  term  Jsnmorphotu  in  its  widest  sense  applies  to  those  bodies  which 
e*n  rL'|ihtce  one  another  in  a  compound  without  producing  any  alteration 
III  the  crvslalUne  form  of  that  compound,  except  small  angular  difTercnces, 
Such  bodies  may  be  divided  into  the  following  graupa. 

A.  Sulsiancet  arhich  are  uotnorphous  bath  w  the  separaU  state  and  in 
C'-'  — Substances  posseeeiog  the  same  crystalline  form  and  replacing 

Of: Li  in  cumbtnation  according  to  equal  numbers  of  atoms  without 

alteration  of  crystalline  form.     Arseoic  and  antimony  crystallize  in  acute 

Bombrdindrous.  AsO^  eitbibiU  the  same  crystalline  form  as  SbO\  and 
lany  double  salts  containing  As  O^  aa  one  baae,  present,  according  to 
ntM:herlicb,   the  ramo  crystalline   form  as  the  corresponding  salts  iQ 
which  A«0'  5b  replaced  by  SbO*, 

B.  i>idi»tancfis  which  7'eplace  one  another  in  ccmpounds  according  to 
eyual  numht-r  of  atom*.     The  crystalline  form  of  saoh  substances  in  the 

ittratc  state  ts  either  different  or  else  unknown;  but  they  replace  one 
Dlber  in  combinations  according  to  equal  numbers  of  atoms  and  without 
(rration  of  crvfttalliuo  form.  Titanium  erystallixea  in  cubes,  tin  in 
reffolarsix-fiided  prisms;  but  both  Ti  0"  and  Sn  0^  crystalline  in  squara 
pruBU.  The  cryetallino  forms  of  lime  and  magnesia  are  unknown,  but 
CaO,  CO'  aad  MgO,  CO'  crystallize  in  obtuse  rhorobohedroiiB.  This 
group  of  aubvUUice»  may  perhaps  be  hereafter  shown  to  bo  identical  with 
th«  firm,  when  we  sliall  have  become  acquainted  with  the  crystalline 
Ktrnu  ■  '  Ipodies  in  the  separate  state  aad,  possibly  have  discovered 
that  tl.  lice  of  iutja  may  be  referred  to  Dimorphism. 

C.  Hui/iluitfx*  which  replace  one  another  in  coTiibinalioH  cKC^rdin^  «> 
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mu^pud  nuwhert  of  e^oMW,— It  eometiuies  happcos  tliat  one  atom  of 
element  contained  in  a  compound  is  replaced  by  twt>  or  more  atoai»4 
another  element,  or  by  two  other  elements  witbout  alteration  of  crystal linftl 
form.  HyperclJorate  of  potash  (K  Oj  CI  0  )  has  the  eanie  form  as  hyper- 1 
manganate  of  potaab  (KO,  Mn-  0');  here  I  At,  cblorino  is  replaced  by  i\ 
At.  uianaanefie.  Sal-ammoniac  (N  H*  CI)  crystailiaes  in  the  same  forml 
as  chloride  of  potassium;  hence  K  untl  N  H'  are  isomorphous.  In  enclil 
cases  no  such  cberaical  reacmblance  exists  between  the  ioterchangieableil 
bodies  as  jn  eas<?jf  A  :iiid  B:  thus  nia.iiganesc  bears  no  resemblance  ta] 
cblorino,  nor  docs  nitrogen  to  potassium. 

TKg  following  I«  a  general  view  of  the  seTeral  groupa  of  simple  and 
compoand  substances  which  exhibit  the  aainc  crystalline  furtu  with  or 
without  slight  differences  of  angular  magnitude.  Each  eroup  of  iaontor- 
phoua  Hubstanccs  ia  distinguished  by  a  number  :  if  it  contains  bodies  o^H 
different  stoicbioiDetricai  nature  it  is  further  subdivided  by  means  offl 
letter?,  The  same  substance,  if  dimoqdious  or  triraorpbous,  may  be 
repeated  in  different  groups.  MiUschcrlich's  observations  arc  denoted  by 
Mt, 


Au 


liojiiltts'  Jiii/sl'in. 
I.  Jlomdh^dral.     tr.  C  (Diamond)  P,  K,  Ti,  Bi,  Cd,  Pb,  Fe,  Cn,  Ag,\ 


b,  Co  As,  Zn  S.  Pb  S,  Co  S,  Ag  S,  K  I,  ^a  I,  K  Br,  Na  Br,  N  H'  CI, 
K  CI,  Na  CI,  L  CI,  Ag  Cl,  K  F,  Na  F,  Ca  F. 

c.  Cu^  0,  Cu=  S.  Cu-  CI,  Hg^  Ag. 

d.  A«  0',  Sb  0',  Wokler. 

e,  Mg  0,  AV  0\  (Spinell),_Mg  0,  Fe'  0'.  (Pleonast),— Zn  0.  APO» 
(Gahnitp),— Zn  0,  Fe-O",  (Franklinito),— Fo  0,  Fe^O*,  (Magoelio] 
iron  ore),     AhiiA. 

/.  Ba  0,  N  0^— Sr  O,  N  0*  — Pb  0,  N  0',  and  according  to  Berzelinai,! 
Pb  O,  N  0'. 

ff.  N  H*  CI,  Pt  Cl^— N  H'  CI,  Ir  CI',— K  CI,  Pt  CI',— K  CI,  IrCl.»- 
K  CI,  Os  CV.     Bertflittf. 

A.  N  H'  0,  At'  0\  4S0\  24Aq.— N  II'  0,  Cr=  0\  4S0\  24Aq.— I 
N  H*  0,  Mn'  0\  4S0^  24Aq  — N  H'  0,  Fo^  0\  4S  0',  24Aq.— " 
KO,   AP  0\  4S0\  24Aci.— KO,    Cr^  0',    4S0',  24Aq.— K  0, 
Mn^  0\  4S  0\  24Aq.— K  0,  Fe'  0\  4S  0',  24Aq.— Na  0,  AP  0', j 
4S  0',  24Aq.     Mt.  I 

i.  KO,  Al'0\4SiO\(Lencite). 

t.  Na  0,  Al'  0',  4Si  0",  gAq,  (Analcimo). 

2.  In  pentagonal  dodecahedrons  :  Fe  S'  {Iron  pyrites). — Co*  As  S*l 
(Cobalt-glance). 

Four-ftumhered  or  Sqxtare  Prismatic  Syitem. 

3.  Ca  0,  W  0\— Pb  0,  W  0\_Pb  0,  Mo  0\  L^vy  {Pog^.  8,  513),— 1 
Pb  0,  Cr  0\     Joknstott.  ' 

4.  Ni  0,  S  0\  7Aq.— Ni  0,  Se  0\  7 Aq.— Zn  0,  So  0\  7Aq.     M(. 

5.  N  H«  0,  2H  0,  P  0',— N  H'  0,  2H  0,  As  0^— K  0,  2H  0,  P  0\— " 
KO.  2H0,  AeO^    Mt. 

6.  3Cu  0.  SUr'  0\  3P  0=,  24Aq.— 3Ca  0,  2Ur'  0\  5P  0\  24Aq. 

7.  2NH^  AgO,  SCP,— 2NH',  AgOSoO\— 2NH\  AgO,  CrO*. 


a,  CuFeS'  (Copper  pyrites).— 6.  Mo'O'  (Braunite).     A'obeU, 
Ti  0'  (Rutile).— Sa  0'  (Tinstone), 


jtffc. 
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10.  a.  Ti  O' (Anatase). 
A.  K  0,  8C'!i  0,  15Si  0',  IsAq  [I]  (Apopliyllite).     Kobtll. 

11.  >i.  2ZrO,  Si  0' (Zircon). 
b.  BCii  0,  2  A  I-  0',  5S!  0'  [?]  OVeroerite).     BreUkattpt, 

Twchanil-two-mftnbcred  or  Riffhi  Prkmatic  Sj/staii. 

12.  Sulphar. — Iodine. 

13.  AsO',— SbO\     Wl3li!cr. 

H.  a.  FeS'  (Wbite  iron  pyrites). — 6.  Fa'AsS'  (Araenlcal  pyrites), 
15.  a.  lAa--0\  H  0  (Manganite). 

i.  2Ca  0,  Al'  0',  3Si  0',  A(j  W  (Prclmlte).     K(ML 
1«.  a.  Ca  O,  CO-  ( Arragonite),— Ba  0,  C 0=,— Sr  0,  C  0',— Pb  O,  CO'. 

b.  K  0,  N  0\ 
17.  a.  Ba  0,  S  0',— Sr  0,  S  0^— Pb  0.  S  0\     M(. 

b.  N  H'  0.  CI  0\— N  H'  0,  Mn-  0',-  K  O,  CI  0%— K  0,  Mn'  0\ 

Ml 
a.  Na  0,  S  0\—Na  0>  Be  0\— Ag  0,  S  0\— Ag  0^  Se  (P  {Jt^f,  59). 

JIft. 
6.  Ba  0,  Mn'  0\     ML 
\9.  a,  K  0,  S  0',— K  0,  Se  0^— K  0,  Cr.  O^",— K  0,  Mn  0'  {fig.  76). 

ML 
_  S.  N  H'  0,  S  O',  Aq.     ML 

20.  w.  MgO,  SO',  7A<i,— ZuO,  S  0\  7Aq,— NiO,  S0\  7Ai|,— 
Mg  O,  Se  0\  7  A<i,— Zn  0,  Se  G\  7  Aq  (/y.  7 1,  72,  73).    ML 

h,  SbS'.     A'oW/. 

21.  N«  O,  P0\  4Aq,-NaO,  As  0\  4Aq  (/^,  64).     Jf(. 

22.  2Mu  0.  Si  0'  (Clirysolite),— 2Mu  0,  Si  0%     Btrthia: 

23.  NaO,  APO',  3SiO^  2Aq  (Nfltrollto),— CaO,  Al-O*.  3Si  0', 
3Aq  (Skoleiitc), 

24.  BaO,  C'H'O',  3Aq  (AoeUte  of  tftryl»),-rb  0,  C'H»0',  3Aq 
(Acetate  <»f  lenrl),  (Jif.  60).     ML 

25.  K' Fo"  C/,— K' Co- C/ 

7'e*o-attrf-Wi<vwrTO6frfti  or  Oblique  Pristiialk  Systaa. 

2e.  a.  Suhtbtir. 

6.  K  0,  2S  0\  H  O.— K  0.  2Se  0\  H  0.     jlft, 

27.  Fc  0,  Ta  0'  (TuntAlitc),— Fe  0,  W  0*  (Wolfram).     SreUhattpt 

28,  CaOf   SO',   2Aq,— CaO,  Se  6»,  2Aq.    J/i.— FeO,   S0^  2A 

80,  PcO,  S0^  fiAq,— CoO,  S0^  eAq,— MhO,  SO',  «Aq,— CoO, 
B«0»,  »Aq,— Mixturt-B  of  Fe  0,  S  0',  with  Cu  0,  S  0\  or  with  Zn  0,  S  0'; 
flimilarly  of  CuO,  SO^  wllU  ZnO,  S0^  or  witU  Ni  0,  SO',  or  with 
UgiX  SO*;  biiiiibrty  of  Mn  0,  S0^  with  MgO,  S  0>,  ur  with  ZnO, 
SO*,  ulwayii  in  eombination  with  6  At.  water  (/*/•  1  U)-     ^V£. 

3(1.  MffO,  S0^  7Aq,_ZuO,  SO',  7Aq.— CoO,  S0^  7Aq— NiO, 
S  0».  7 A.j ,— Mfr  f).  Se  0'.  7 Aq..-Co  0,  Se  0*",  7Aq.     ML 

31.  NaO.  S0\  lOAq.— NaO,  SeO»,  lOAq,— NaO,  CrO',  lOAq  {fig. 
U«,  ItO).     J/f. 

35.  2.\-  n*  O,  P  0\  H  0,— 2N  H*  0,  As  0»,  H  0,  {fig.  93,  04,  05).    ML 

33.  2Xh  1 1.  P  O',  2.-,Aq,~2Na  O,  Ab  0\  25Aq,  (/^r.  90—100).     ML 
^B,    84.  rt.  NuO,  'jnO\  inAq.  (Borax). 
^^  6.  C» O,  Mg 0,  2Si  0',  (Augite),— NaO,  2Fe 0,  4Si  0'  [1]  (AcU- 


2Aq. 
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3J.  3BoO,  -2X1=  0\  5SiO'  [T]  (Eaklase).— 3C»  0,  2A1'  (?,  5SiO«' 
(Zotsite).     Brookt. 

One-and-one-membered  or  Doubly  Oblique  Pt  umatic  SyitfJit, 

3tf.  Mn  0.  S  0',  4Aq,— Mn  0,  SeO',  4Aq,— Zn  O,  Se  0^  4A<i.— CoO,  I 
.0\4Aq.     Ml, 

37.  Cu  O,  SO',  5Aq,— Cu 0,  SeO',  5Aq,— Mo 0,  S0\  SAq.  C^.  ISlJ 
IS2,  123).     JTt. 

38.  a.  NaO.  3Ca  0,  4A1'0\  12SiO'  (Labrador). 
h.  Ug  0,  3C«  O,  4A1'  0\  8Si  0-  (Anorthite). 

Six'tncmbrrtd  or  ffhomirokrdivl  fS'y^icnt. 

39.  3AffSj  AaS*  (LigLt  red  silver).— 3AgS,  SbS'  (Dark  red  silver). 

40.  a.  CaO,    CO'   (Calcsi.ar).— Mg 0,  CO',-^CaO,  CO'  -f    MgOj 
C  0  — Mn  0,  C  0-,^Zu  0,  C  0' — Fe  0,  C  0'  (/ff.  1 41  and/) 

i.  Na  0,  N  O',— K  0,  N  0\     FrankenA«im. 

41.  o.  SiO=  (QuarU),— A.  CaO,  Al^  O",  iSiC,  eAq.  (Chabaaitc), 

42.  Al'  0'  fCoruiidum),-~Fe^  Q',— Cr'  O*,— Fe  Ti  0'  (IlmeDite). 

43.  As,  — Sb, — Te.     BrtUAaupt.     Tin  also,  according  to  Breithaupt,] 
and  sine,  according  to  Noggerath,  crystaUiao  in  regular  8ii-«idod  prisms. 

44.  Sr  0,  S'  0',  4Aq.— Ca 0,  S' 0*,  4 Aq,— Pb  0,  B'  0*,  4Aq.     if^w*. 

■    45.  Ca  CI,  &Ca  0,  3P0'  (Apatite),— PbCl,  9PbO,  3P0*  (Griinbleierz),  j 
— rb  CI,  9Pb  O,  3As  OK 

46.  Mohfiite  and  EudiaVte.     Brooke. 

47.  a.  Cd  S.— Ni  S,— FV  S'.— 6.   Ni^  Aa  (KupfornieUel),— Ni' Sb  S»j 
(Nickeliforous  grey  antimony). 

c.  IrOs.     Brekhaupl. 

45.  H  0  and  Zn  0,  crystallite  in  regular  eii-sidcd  prisras,  but  their 
iaomorpliism  has  not  yet  i>een  eetabiiahed  by  the  determination  of  their 
Jinyular  relations. 

Frcim  these  data  the  iaomorphism  of  tbe  foUofriog  simple  and  com- 
pound bodies  may  be  deduced: 

Carbon,  phosphorus,  potassium,  titanionir  biamuth,  cadmium,  lead, 
iron,  copper,  silver  and  goldt     (1,  a) 

The  isomorphism  of  iron  and  titanium  is  more  completely  establtsb^d 
by  (42)  inasmuch  as  Fe-Q^  and  Fe  Ti  0'  crystallize  in  the  same  form,  and  J 
that  of  iron  and  cobalt  by  (25). 

Potassiam,  sodiam,  lithium,  calcium,  zinc,  lead,  allverl     (1)^) 

Oxygen,  sulphur,  chlorine?     (1,  c) 

Arsenic,  antimony  and  tcillnriiim  (1,  d,  13,  3d,  43). 

Platinum,  iridium  a.tiJ  oHtiiiutn  (I,  ff}, 

One  atom  of  arsenic  pruhiibly  roplaceft  two  atoms  of  sulphur,  innsmueh 
ita  Fe'S'  undCVAaS-  havo  tho  sauie  form  (2);  so  likowifle  Fo"'S'fttid 
Fo"  AsS-  (14). 

Potaaeium  and  ammonium,  NH'  (I,  h  ami  </, — 17,  b). 

KOand  NH'O;  al»o  under  ct-rtain  lirctimstaiieoH  NaO  (1,  ft, — 5). 
On  the  other  hand  we  might  aflmit  from  (19)  that  N  H'O  +  H  0  replaces 
KO. 

NaO  and  AgO  (18,  a).  Sunt  iik  K  O  in  ahim  is  ii^oraorphous  "witli 
NaO,  ao  likewise  in  combiBatioii  with  NO'  it  may  under  peculiar  cir- 
cumstances crystallize  in  ohtuso  rlstimbohcdronN  <'xactly  like  tboae  of 
Na  O,  NO'  (41),  «o  that  N  II'  0,  K  0,  Na  0,  and  A^  O,  may  be  regarded  as 
iaomorphous  in  one  or  other  of  tlicir  utates, 

MgO,  MnO,  ZnQ,  FeO,  Co  O,  Nt  0  andA^  hwn  shown  to 
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b0  uonidrpbous  to  their  c«iinUia*tioB«  wiili  carUonic,  ^ulplmric  and  wienio 
"  ■  I  ^I,  e, — i,— 20,— 22,— 29,— 30, — 3«).  Lime,  Ca  0,  i»  ulso  related  to 
I  111  onti  of  \t»  diniorpboua  sutea. 

PbO,  B«0,  SrO,  and  CaO  (in  one  of  its  states)  are  isomoi-phoui 
(I,/.— 3,— 16,— 17,— 24,— 44,— 45). 

According  to  (3a),  if  the  farmalte  are  correct,  Be  0  h  ieomorphoos  with 
CftO.  According  tu  (23),  we  mi^ht  suppose  titat  N»  0  in  intercbuageabls 
iriUiCaO.  HO. 

AI'O",  Cr'O'  and  Pe'O*,  are  ieomorphoiiB  in  the  sepamte  ebate  (42); 
I'O'  ie  also  isomorpboua  with  them  ia  conibioation  (1,  f, — ],  A). 

Ti  0'  and  Sa  0'  are  isomorphouB  ia  the  eeparate  etatp^  (0)  although  Ti 
iod  Sn  crystaJliie  in  difl'erent  forms. 

WO'  in  combioation  is  isomurpboua  with  MoO''  and  CrO*  (3),  also 
with  T«  0*  (27). 

SO'  in  foinbination  is  itomorphoua  with  SeO',  CrO',  and  Mn  0* 
(4.— 7.— 18.  ff.— 10,— 20,— 2(J,  &,— 28,-29,— 36,— 37)-  Cr  0»  neeinff 
at»o  to  fonii  a  connecting  link  of  the  series  W  0^  MoO^,  CrO\  Mn  0', 
8c  0»,  and  SO'. 

PO'and  AbO^  are  at$o  isomorphouB  In  combination  (5, — 21, — 32^^ 
30,-35). 

CIO^  ill  ratnbinatton  in  iJioniorphoae  with  Mn^O''  (L7,  6). 

The  following  Hiniilariy  formed  cr.impoundK,  however,  ditTcrso  much  iti 
rheniical  priipertiws  tliat  their  eimilarity  of  «bapo  can  scareolj  ba 
led  as  re.™ltiac  from  the  substitution  of  one  element  for  another: 

PhO,  NO"  and  PhO  N  0\  (1,./^  hare  the  same  form  lbouj{h  they 
diflbr  in  couspfji-itiuii  by  2  At.  oxygen. 

L«iicite  and  Aualciuie  haro  the  samo  composition,  (I,  i)  excepting  that 
tbe  l&ttcr  coatuins  2  atoms  uf  water. 

Copper-pyrites  CuFeS'  and  Braunito  Mn'O'  ^8).  Here  it  most  bo 
dl  tbat   3  atoms  of  oxygen  mny  bo  aubatituted  for  2  atomM  of 


and  ApophyUtt«  (10). — Zircon  and  Wornerito  (11). — Manga- 

snd  Pr«hnit«  (15); — all  diflbring  irreconcilably  in  thoir  eheaiival 
IMMition. 


Arra^'tmite,  CaO,  CO'  and  nitre  K  0,  N  0'  (Ifi).* 

i<l  K  0, 
Br  (17). 


BaO,  SO'  on  the  one  hand,  aud  K  U,  CIO'  an«: 


2Mn  0'  on  tb« 


Na  0,  S  0*  and  Ba  O,  Mn'  0'  (18). 

SbS'  and  MgO,  SO*,  7 At]  (20),— S  and  K  0,  2S  0*,  HO  (»e).— 
Borax,  Xsi  0,  2U  0\  lOAg  and  Augito,  CuO.  MgO,  2SiO'  (34).— L&br^ 
dor  and  Anurihtte  (38). 

Lastly,  of  totally  dinsimilar  compoiitlon  are:  CaO,  CO'  (Calcspar) 
and  Na'O,  N  O^  (10),  —  Quartz  and  Chabaaite  (41).  —  Mohsite  and 
Kodialytr. 

Att(nnpti<  have  boci)  ttiade  to  brin>r  eiomo  of  th(.'BC  cumch  in  accordanco 
with  the  theory  uf  iaomorpbiNm  by  altering  the  atomic;  wciglits  of  nomo  of 
tii«  kulMitancea  cunc<;irncd.  Tbo  following  in  fitie  of  the  most  reniarkablo 
inataiices  ofthii*  kind:  CaO,  CO'  a*  arragonite  ia  isoniorpbous  with 
■itr*  <K0,  N  O*)  in  tU  imini  f.inii  (10);  CuO,  CO',  ae  catcfpiir,  with  KO 
NO*  a«  it  i*  iiometimt.*^  obtainud,  and  with  NaO,  N  0"  as  it  nlwayii 
eTTBtallixi:*.  Houcq  CuO,  C  0=  in  itm  two  conditions  is  isoumrjihous  with 
Kl),  NO'  iu  it*  two  eoudilionB,  Fur  tiiis  reajion  Count  SchaflgotBfh 
kalrcD  (ho  at'>niic  weight'*  of  potsi^ium  and  nitrogen;  nitre  then  be- 
K.0>.  N0*»  =  KNO'.     Thi(s  agrees  with  CaO,  CO'  —  Ca  CO*; 
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in  botb  edtii]>ouudE  3  atoms  of  oxygen  are  combined  witli  1  at«m  of  iiict&ll 
and  1  atom  of  either  carbon  or  nitrogen.  TbJs  hulving^  v(  the  atomio 
weight  of  potassium  involves  the  halving  of  those  of  ainmonium  (N  H*), 
sodium,  silver  and  gold,  becaaue  potash  is  isomorpbuus  witli  oxide  ofi 
ammonium  (N  H'  0)  and  soda,  and  tLo  last  of  these  with  oiide  of  siljer; 
and  because  silver  in  combination  with  the  most  various  quantities  of  gold 
always  crystalliiies  in  the  same  form,  a  circumstance  ivhidi  indirates  the 
i»oni[irphi«in  of  these  two  tuctals.  The  halving  of  the  atomic  weijrht  of 
silver  hail  before  Iwen  proposed  by  H.  Rose,  because  in  ^'rey  copper  ore  1 
atom  of  stiver  takes  the  place  of  2  atomic  of  copper,  and  the  eryistallino 
form  of  A^S  a«  i^ell  as  that  of  Cu-'S  bclon^'!^  to  the  regular  eystcln. 
According  to  this  view  the  atomic  weights  of  N,  H,  K,  Na,  Ag,  and  An 
would  be  reduced  to  one-balf  of  the  valnes  now  assigned  to  thorn;  potash 
would  be  K-0,  wda  Na-0,  oxide  of  silver  Ag-  0,  and  suboxidu  of  ailvw 
Ag'O.  By  halvinoj  the  atomic  weiyhts  of  jKitasaium  and  chlorine  th« 
similar  forma  of  K  O,  CI  0'  ami  BaO,  S  O'  ■would  alt-o  be  explainedj  (17) 
for  the  composition  would  then  be  K  CI  O'  and  BaS  0'. 

Clarke,  on  the  contrary,  doubles  the  atomic  weij[jlit*<  of  sodium  and 
siIv*or  in  order  to  reconcile  the  composition  of  NaO,  S  0°  and  AgO,  SO' 
with  that  of  Ba  0,  Mn-  0'  (18).  He  thus  obtains  Na  0',  2S  0'  =  NaS'O' 
and  AgO',  2S0^  =  AgS"  0';  and  thia  formula  agrees  with  BaO,  Mn-  0' 
s=BaMu'0".  But  since  the  atomic  weight  of  potassium  must  be  doubled 
m  well  as  that  of  sodium,  tlie  explanation  of  case  (18)  becomes  by  thu 
alteration  more  dilKeuit  than  bcfurp. 

With  regj.rd  to  tlie.so  attompti!,  we  cannot  but  agree  with  the  view 
teeently  adopted  by  Johnstone  (who  formerly  made  trial  of  the  same 
hypothesis  aa  Count  Scbaffgotscb),  via.  that  many  of  the  fonuulat  of 
isoiuorphous  bodies  cannot  ho  made  to  agree  with  one  another  in  any  way 
whatever' — othera  only  by  means  of  hypotheses  which  are  cither  contradic- 
tory or  greatly  impair  the  simplicity  of  the  chemical  formulae.  Although 
similar  iormulti'  often  involve  aimilnrity  of  shape,  it  does  not  by  any  means 
follow  that  siiLiilar  forms  are  inconsistent  with  dissimilar  formula).  There 
exists  perhaps  a  higher  law  by  whicli  these  cases  might  ho  explained :  the  dis- 
covery of  such  a  law  would  give  a  new  fomi  to  the  theory  of  i^oniorpbiijm. 

Kopp  and  Schroder  have  remarked  that  isomorplious  substances  have 
equal  atomic  volumes  (and  therefore  at*o  equal  atomic  numbers).  Tha 
siniplo  substances  (Table,  page  5.5)  exhibit  approximatiiins  to  this  law,  Rt 
least  in  some  cases:  e.^.  Ni,  Mn,  Co  and  Fe^  W  and  Mo;  I,  Br  and  CI. 
But  the  atomic  nnmbers  of  Sb  and  As,  of  Na  and  K,  of  Mn,  Cr,  S  and  Se, 
which  at  least  are  isomorphous  in  thoiracids,  differ  widely.  According  to 
table  (page  GS)  equal  atomic  iiumliers  are  exhibited  by  Al-O",  Cr"0^  and 
Fe'O^  by  TiO^  and  SnO";  by  WO'  and  MoO';  by  AsO'  and  ShO*; 
by  several  anfiydroua  carbonates,  sulphates  and  nitrates  (some  Uk)  not 
isoraorpbous) ;  and  by  several  hydifited  eulphatei*.  Exceptions  are  however 
presented  by  K  O,  *S0"  and  K  0,  CrO';  and  by  KCl,  NaCl  and  AgCl; 
moreover  tiie  nrerely  approximate  agreement  in  the  atomic  numbers  of  the 
first  nnnred  compounds*  may  in  a  great  measure  be  explained  by  the  fact 
that  fiiniilar  formulie  give  nearly  ei^ual  atomic  weiglits,  and  these  being  used 
as  divisors  of  nearly  equal  specific  gravities,  the  quotients  cannot  difier  tnttcit 
from  another.  On  the  other  liand,  Kopp  liae  shown  that  the  Emull 
differences  between  the  angles  at  the  edges  of  the  obtuse  rhombohedrou  of 
calc^par  and  the  correspoudiug  angles  in  the  other  carbonates  which  are 
isoniorphons  with  it,  probably  bear  a  trimplo  relation  to  the  dilferent 
Volumes  of  the  atome  of  which  these  crystaSs  are  composed. 
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T  A  ^ulijir  kind  of  isomarpliii^m  lias  recently  been  dkeovercd  by 

idieeror  {Poffff.  C8.  310)  wliicli  appears  to  play  an  important  part  in  tli© 

aineral  fcingdom.     By  the  iiimlysia  of  agreat  number  of  niinenilii  Selieerer 

■da  that  one  atom  of  niagueBia,  protoxide  of  iron,  nr  protoxide  of  man- 

meae^and  probably  also  of  oxide  nf  ilnc,  protoxide  of  nickel  and  prot- 

»xid«  of  cobalt — may  be  replaced  by  3  atoms  of  water,  and  one  atom  of 

foxide  of  copper  by  two  atoms  of  water — without  change  of  cryfitallitie  form. 

Tbie  kind  of  ieomorphisJii  has  received  tbc  name  of  Polymeric  Isomor- 

Utm:  it  wa^  lir$t  noticed  in  tbe  minerals  Conlicrite  and  Aspa«iolite. 

Itese  two  minerals  ciystallize  iu  tbe  same  form,  and  cryetals  are  found 

l«oiifiisting  partly  of  cordierite  and  partly  of  aspasiolite,  tbe  most  complete 

|transitions  from  one  to  tbe  other  occurring  in  the  same  specimen.   Moreover, 

[>Ui  Diinerals  contain  nearly  the  Fame  proportions  of  silica  and  alumina; 

!>«t  ftSpaaioHto  contains  a  smiallcr  quantity  of  magnesia  and  a  larger  quan- 

ity  of  water  than  condierite, — the  difference  being  such  that  3  atomg  of 

Iwater  in  tbe  former  may  bo  regarded  as  the  equivalent  of  1  atom  of  mag- 

Beeia  in  tbe  latter.    [VuL  Neumann,  Joum,  fut  Prakt,  Chem,  40,  l.]T 

On  the  subject  of  Isomorphism  peo  tbe  already  (page  32)  cited  treatises 
[of  Jlitscberlich.  Beudant,  WoUaston,  Hauy  and  Marx;  likewise  Kobell 
\w.    C4,  41).— Breitbanpt  {./.  fr,  Ch.  4,   219  and  Fof^g.   51,  510). 
*«?T«n  {Ann.  Chim.  P/i^s,  CO,  110  ;  also  Ann.  Phann.  18,  241).— Brook© 
Mw].  J.  \'2,  40G). — Johnston  {Phil.  Mag,  J.  12,  235  and  480;  13, 
'.— JCount  Franz  Schaffgotscb  {Poffg.  48,  335). 


d.  Relaiioni  to  Utat. 

FmihUUii, — Compounds  are,  for  tbe  roost  part,  more  easily  fusible  than 
tlieir  elements.  No  metallic  alloy  ia  more  refractory  than  cither  of  it» 
!coniitil«icnt  metals,  bat  many  are  more  eaaily  fusible  than  either  of  ibidr 
[eomponents  in  the  aeparate  etate.  Tbe  earths  also  become  more  fuaible 
by  combination.  An  alloy  of  nickel  and  platinum  melts  at  the  same 
temperature  vl%  copper ;  alUfye  of  lead  and  tin,  lead  and  bismuth,  Jtc, 
melt  more  easily  than  either  of  tboae  metala  by  itself.  Iron,  by  com- 
bining with  the  infu'iible  sutwtance,  carbon  (in  steel  and  cast-iron),  be- 
comca  more  fusible  than  it  \s  In  the  pure  state.  Silica  is  not  fusible  in 
the  blost-fnruace,  neither  is  lime,  baryta,  strontia,  alumimi,  or  magnesia, 

but  tbe  combinations  of  siUca  with  tbc^e  bodies  are  nnablo  io  resist 

•uob  a  lenip«ratnre. 

Many  metallic  enlphurels,  on  the  contrary,  are  less  fusible  than  their 
«leu)cot«,  <.ff.,  KS,  ZnS,  SnS,  HgS;  others  are  less  fuaible  iban  snl- 
phnr,  but  more  fusible  than  the  metal,  f.  jr.,  Fc  S,  Ag  S;  but  none  of  them 
arc  more  fusible  than  sulphur. 

Why  the  melting  point  of  a  compound  Blionld  be  sometimes  bctweeo 
those  of  it*i  elements,  sometimes  below,  and  sometimes,  though  rarely, 
alioro  them  both,  has  not  yet  been  explaioeil. 

VotatilUtf. — 1.  Tbo  elasticity  of  a  compound  is  peneraUy  less  than 
that  of  either  of  its  elcracnt«.  A  solid  or  liquid  may  bo  formed  by  tbe 
combination  of  twro  gases,  but  no  permaacnt  gas  is  ever  formed  by  the 
union  of  two  liquid  or  solid  bodies  (p.  87).  Pliospburct  of  nitrogen, 
wbon  excluded  from  tbe  air,  will  sustain  a  white  beat  wUliout  decompoBi- 
tion  or  volaiili»:ation,  and  even  without  fusion, 

2.  Tbe  volatility  of  a  compound  is  very  often  of  att  intermediate 
Afpte;  the  nioro  volatite  clement  seema  to  impart  a  portion  of  its  vola- 
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tllity  to  the  other,  Carbon  become*  raaeooa  by  combining  with  oxygen, 
liydrdgeu.  or  nitrogen;  eulpliur  with  orygen  or  hydrogen — seleniiuw, 
iodine,  bromine,  areonin,  nntimoay,  and  phosphorus,  icith  hydrogen  ;  but 
nil  theaa  gaaeona  compounds  arc  lees  permanent  than  pare  oxyg^tit 
hydrogen,  or  nitrogen  gaa,  for  most  of  them  raiiy  b**  liqnefled  by  prcwun*. 
Lead,  silrer,  iron.  Sec,  iu  combination  with  obloHne,  are  Tt^latilc  at  a 
moderate  red  heat. 

3.  Very  few  coiapontids  are  more  volatile  than  either  of  thoirton- 
slitwcnt«.  The  most  etriking  ini«taiico  is  that  of  gulphuret  ofcarboii, 
which  boils  at  46"  C.  (=  lll-S"*  Fah.) 

These  relations  »]so  have  not  yet  been  rodiieed  to  any  regal ar  law ; 
thus  nmch,  howeTer,  may  be  said,  that  a  ooniponnd  of  given  elements  it 
fur  the  moat  part  teas  volatile  the  greater  the  number  of  atoma  of  which  \ 
the  compound  atom  is  made  up.     Sulpbnrout  uiid  S  OMs  gajeona,  sol* 
phnric  acid  SO*  ia  solid  ;  thn  latter  coutains  1  atom  more  of  the  moreTol*' 
tile  element,  oxygen,  but  its  total  number  of  atoms  is  4,  that  of  sul- 
phurous aeid  only  3.     1  At.  nitrogen  forms  gaeeona  compounds  with  1 
and  2  At.  oxygen,  liquid  compounds  with  3  or  4  atoms  of  that  element. 
Cyanogen,  C  N,  is  gaseonsj  mellon,  C^  N^,  solid,  although  it  contains  a 
greater  proportion  of  the  more  volatile  element.    In  some  cases,  bowerer, 
the  greater  volatility  of  one  of  the  elenicnta  more  than  compensates  for  J 
the  greater  number  of  atoms  tn  the  compound ;  tbas  Fa'  CI*  ie  more  Tok-  1 
tile  than  Fo  CI,  though  the  former  contains  5  atoms,  the  latter  only  two. 

[Fot  the  specific  heat  of  compounds  vide  Heat.] 

t  RdfUions  to  Light. 

Tranupctrentif. — A  chemical  compound  is  either  transparent  or  opaqno^l 
in  tbo  fiirmor  case  it  transmits  light,  coloured  perliap,  but  always  clearly,  I 
became  cbomically  combined  bodies  refract  light  aa  a  whole;  turbidity 
always   indicates    mechanical    mixture.      Two    transparent   9ub«t«nce9 
always  form  a  transparent  componnd,  two  opaque  onoe  an  opaque  eoot- 
pound;  the  compounds  of  tranapurent  with  opaque  bodies  are  sometimor 
opaque,  sometimes  transparent.      Oxygen  combined  with  metals  some- 
tmtes  forma  transparent  conipoinuts,  euck  as  the  alkalis  and  earths,  oxld^ 
of  zinc,  oxide  of  autimony,  arsentous  acid;  sometimes  opaque  compounds, 
c^.,  peroxide  of  manganese  and  magnetic  iron  ore:  the  compounds  of 
sulphur  with  potassium,  zinc,  arsenic,  and  mercury  are  transparent,  those 
with  antimony,  iron,  copper,  and  silver,  opaque.     On  the  other  hand,  all 
the  metallic  fluorides,  iodides,  bromides,  and  chloridea  appear  to  be  trao^ 
parent.     According  to  thi.<i,  fluorine,  chlnrine,  bromine,  and  iodine  would 
seem  to  have  the  greatest  tendency  to  transparency,  and  oxygen  a  neater] 
tendency  than  sulphur,  inasmuch  na  thu  componnds  of  antimony,  tellti-i 
rium,  and  bi.smuth  with  oxygen  are  transparent,  while  tlieir  su{phur<>ta 
are  opaque.     Among  the  metals  those  which  show  the  smallest  tcndcucy 
to  induce  opacity  in  compounds,  are  the  alkaline  metals  and  arsenic  j  for  I 
all  compounds  of  these  metals  with  transparent  substances  are  tbemselrMt 
transparent. 

Refractim  Power, — The  refractive  power  of  gaseous  compounds  t»  1 
•otnetmies  greater,  sometimes  less  than  the  mean  of  the  refractive  p^jwera 
of  the  constituent  gases. 

This  U  shown  by  the  following  table  of  Dulong  {Build.  phil&mai.A 
1825,  132),  which  also  contains  the  refractive  powers  of  some  of  th»; 
simple  gases.  Column  A  contains  the  names  of  the  gtt»ee; — B,  their  re-l 
otiva  power$  determined  by  observation,   that   of  air=l:— C,  thsj 


REPRACTrVB  POWI 

'H>wer  which  the  compomid  gases  should  exhibU  according  to 

taking  the  mean  between  the  refractive  powers  of  the  com- 

„.«eaj— D,   their   apecific   gravities;— E,   the  specific   refractive 

I  obt&iaed  by  dividing  the  observed  refractive  jrawer  by  tlie  specific 


Air , 

Oxjgen , 

H  jdrot^en 

Chlorine. 

Nterogoi 

Carbonic  oxiJe 

CMMni«  teiil 

Mphamuieiij 

fclpbmtttcd  hjdrogee 

▼apMir  of  tnlphunet  of  carboa 

B|«lroelilorie  uad  gu   

Wiptf tin  gM 

NiCrou  oxide. 

Nitric  Diide 

Aamoniscal  gu 

OhJUnt  gas 

Uf^  cvbaretteil  hydrofen . . 
Cjmaagea  ,.,,,.,,  ,,,.,.., 
Uydmcyuiie  tcid  Tiponr  , . ,. 
Aimbol  rmpQvt ............ 

Ethrr  Tmpour. 

Vapour  of  hjr^l'^x^oHe  etjier 


B. 


lOOtt 
0'924 

3-6£?l 

1-020 
Mr>7 
l-5as 

2-260 
2-167 
«-l?9 
1-627 

3-!»ao 

1-710 
1030 
1-309 
2-302 
l'&04 
2»32 
1-S31 
8-220 
5-260 
3-?20 


C. 


1-619 


I  "547 

3-784 
1-482 
0-973 

i-sie 


t  051 


3'B39 


1-01)00 

i-io<):{ 

00693 
21543 
0'970a 
0-9709 
l-52&a 
2'218S 
I-178S 
2  S34S 
1-S61i 
3-4249 
1-5252 
1-0399 
0-5893 
O-970e 
0-5&4fi 
1-8026 
0-93."t9 
1-5946 
25652 
2-2322 


0-8;5 

«•;« 

106 
1-05 
1-SI 

I'OU 
1-02 
1-85 
1-97 
1  21 
1*15 
1-12 
0-99 
2-22 
2-36 
271 
1-57 
1-63 
1*39 
2-05 

i-or 


From  these  nnmberfl  Dulong  conclades  that  when  a  compound  gaa  i»  of 
»ti  aeid  tiature  its  refractive  power  is  below  the  calculated  mean,  but  above 
tiie  mean  when  the  gaa  ia  allcallino  or  neutral;  hydrochloric  other,  however, 
foms  aa  exception  to  this  rnle.  If  it  be  admitted  that  tlie  refractive 
power  of  a  substaDce  ia  directly  proportional  to  ite  density  and  iiiflanitna- 
wttjr,  the  latter  will  be  found  by  dividing  the  refrsMJtive  power  by  the 
■paafie  gravity.  The  quotients  in  column  E  agree  very  well  with  this 
Vteir ;  hydrogen  haa  the  greatest  refractive  power,  and  cixygei>,  the  sub- 
Muw  most  opposed  in  its  properties  to  combugtible  bodiee,  the  sinalleBt. 
Tb«  other  nninbera  also  agree,  excepting  that  the  refractive  power  of 
nilphuret  of  carbon  ehould  be  smaller  than  that  of  sulphuretted  hydrogen, 
•inee  the  former  con taina  2  atoms  uf  the  less  combustible  eubstanee  sul- 
phir  to  I  atom  of  carbon,  the  latter  equal  Duinbers  of  atoms  of  aulphur 
»mi  bydrogeit ;  the  refractive  power  of  uitroua  oxide,  Hgaiu,  might  to  be 
Mnallcr  thnn  that  of  nitrogen,  »iuce  nitrogen  most  lose  »otne  of  ita  refract- 
ing ptiwer  by  combining  with  oxygen. 

Soma  oonipounda,  in  pacing  from  the  gaaeotts  to  the  liquid  state, 
iaWMM  in  refrai-tiug  power  more  than  in  density,  as  waa  tlrtit  noticed  by 
Arwro  and  Petit  The  absolute  refractive  power  of  liquid  aulpUurous 
acid  ought,  tti-cording  to  calculation  from  that  of  the  gaa  to  be  0  C6 1  :  its 
•elual  val«»«,  however,  i«,  according  to  De  la  Rive,  0-78  {Ann.  CAi'nt, 
J*Ayi.  40,  410,  tvtr.  Poffij.  15,  528)  ;  that  of  liquid  ammonia  sho&ld  by 
otieiilation  from  that  of  amnion iiu-al  ga«  be  0-72,i,  and  that  of  sulphuretted 
kminMniii  0-7 ♦>?  ;  but  aceor*liiig  to  B'iirsulav,  the  refractive  powers  of  both 
Imm  liqaiiln  exceed  that  of  water,  which  is  0-TSi. 


96 


AfnVlTT. 


CttloHr. — 'Colourless  etihstancos  generally  proJace   coloarlesa   eon 

SonnA'j;  but  colotirless  nitrogen  combined  vritb  colourless  vxygcxi  fan 
lue  DJiroua  acid  and  red  bjponttric  cicld;  and  in  the  organic  kio^on 
wo   aee  a  great  variety  of   coloured   compounds  formed   by  the  tmioa 
of  carbon   (which    is   colourless,    at   least  in    the   diamond),    hydrogen, 
oxygen,  and  souiotimes  also  nitrogen.     Coloured  bodies,  such  as  snlpuurj^ 
ecleniiini,  iodine,  and  the  metala  generally  furm  coloured  compounds  b] 
combination    aniongat    themselvea;    nevertheless,    iodide   of   potawiii 
chloride  of  Icsid,  and  chloride  of  silver,  &c.  are  colourless.     The 
pounds  of  coloured  with  colourless  bodies  are  eonietiraes  coloured,  some 
times  not;  thus  tho  compounds  of  oxygen  with  sulphur,  selenium,  iodtnt 
bromine,  chlorine,  and  most  of  tlio  lighter  metala,  arc  whito,  those  wit" 
the  heavier  metals  coloured,     In  tlic  preseut  state  of  chemical  knowlnl^ 
the  colour  of  a  compound  cannot  be  determined  beforehand  from  those 
its  constituents  J    it  offen  difftTa  greatly   from    them.     The   red   luetil^ 
copper  combined  with  colourless  oxyjjen  fomis  a  brown-black  oxide,  and 
thia  combined  with  colourlu^a  sulphimc  acid  form.-;  a  white  salt,  which 
again  in  combination  with  water  producoa  the  blue  crystals  of  bydrated 
sulphate  of  copper  or  blue  vitriol.     Grey  chromium  with  a  certain  quan* 
tity  of  oxygon  forma  a  green  oxide,  which,  combined  with  various  colour- 
less acidfl,  forms  salts  of  which  somearo  greeu,  some  violet;  with  a  lar^r 
quantity  of  oxygen  chromium  forms  the  yellowish  red  chromic  acid,  whose 
compounds  with  bases  arc  sometimes  yellow  sometimes  rod. 

The  law  of  Perso!!,  {Ann.  Chim,  Pkj/s.  60,  127  ;  also  Ann.  Pkat 
IS,  256),  vi/.  that  when  the  higher  oxide  of  a  metal  is  white  or  slightly 
coloured,  tho  lower  is  blue  or  dark  coloured,  and  when  the  higher  oxida 
has  a  dark  colour,  tho  lower  is  white  or  faiatly  coloured,  is   true 
regardfi  cerium,  titanium,  tantahint,  tungsten,  molybdenum,  and  mangii-l 
ne§e,  tut  not  with  regard  to  arsenic,  antimony,  and  tellurium,  both  whos*! 
oxidea  aro  white  or  light-coloureiJ,  nor  with   regartl  to  copper.  sitver^J 
gold,  platinnm,  and  othcrsj  both  whose  oxides  are  dark-coloured. 

f,  Clietiitcal  and  Phynologlcal  lielaiiont, 

A  chemical  compound  gencratlv  differs  altogether  from  its  elumenU, 
t>oth  iu  ita  affinities  and  in  its  action  on  living  animal  bodies.  In  Mtno 
cases,  comblnatiou  develops  active  chemical  and  physiological  properties, 
in  others  it  destroys  those  which  previously  belonged  to  the  elements. 

Neither  aulpbur  nor   oxygen  exhibits  any  attiuity  for  the   grwtcr 
number  of  salifiable  bases ;  but  the  affinity  of  sulphuric  acid  for  thno 
bases  is  very  strong :  again,  neither  of  these  clemeuts  reddens  the  Woo 
colour  of  litmus,  but  this  effect  is  readily  produced  by  sulphuric  acid}' 
the  same  clement.^  are  aUo  tastelesi9  and  destitute  of  corrosive  action,' 
whereas  sulphuric  acid  has  a  sour  ta^te  and  is  highly  corrosive.     Nitro-' 
gen  J  again,  which  by  itiself  is  one  of  the  most  indifferent  of  the  cKnnent<v 
produces  in  coinbiniition  with  oxygen  the  corrosive  substance  nitric  acid,J 
with  hydrogen  the  powerful  alkali  ammonia,  and  with  carbon  and  hydro-; 
gen  the  highly  narcotic  hydrocyanic  acid.     The  poisonous  action  of  roaay 
metals  is  not  devotftped  till  they  are  combined  with  oxygen,  chlorine,  or 
•tlaer  bodies  of  like  nature.     Are  these  propcHies  sctnally  produced  by  tbe 
wA  of  combination,  or  are  they  previously  latent  in  the  elements  and  brought 
into  active  operation  when  those  elements  are  combined  with  otherai 

Pereaz  {Ann.  Ckim.  Pkys.  60,  127,  also  Ann.  Pharm,  18,  255)  lias 
laid  down  tho  two  following  laws: — 1.  All  bodies  which  in  combination 
with  chlorine  form  compounds  volatile  below  the  boiling  point  of  mercury, 
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Jnee  acids  when  combined  with  orygwn;  viz.  hydrogen  [1],  CArbon, 
.*a,  J'liosphorus,  sulphur,  seleiitiim,  bromiiiG,  ioiiinc,  nitrogen,  siticium, 
tungsten,  vaDarliurn,  chromium,  uraDttim^  mangiiticse,  arsenici 
ny,  ttn,  and  osmium.  This  law  appears  tu  fail  in  the  case  of  I 
iry  iUelf,  which  produces  no  acid,  but  is  Hotwithstanding  lees  vola- 
ihnn  corrosive  sublimate.  2.  All  compounds  containing  1,  3,  5  or 
flUonte  of  oxygen  are  either  acid  or  hiieic  ;  those  on  the  contrary  which 
itAJii  2  or  4  atoms  of  oxygen  are,  with  a  fuw  exceptions  which  tlisappcar 
^D  a  particular  hypothesijf<.  neither  acid  nor  basic.  ExcejttiDne  to  tLia 
law  are — C  0,  which  is  neither  acid  nor  hnsic,  Mo  0*,  V  0',  and  Pt  O', 
which  aro  bases,  and  C  0^  S  0',  Se  0^  Ti  0',  Sn  0=,  and  Te  0*.  which  are 
■ci<j«.  Tije  manner  in  which  Persoz  cndenvonrs  to  get  rid  of  these 
except  ions  loctks  like  a  gratuitous  assumption.  It  is  nevertholeiiij  true 
that  by  far  the  greater  number  of  actds  and  hnsee  contain  au  tluevcli 
number  of  atoms  of  oxygen. 

The  case  in  which  marked  chemical  and  physiological  proportiea 
exixting  in  elcmc^nts  arc  caused  to  disappear  by  combination  is  most 
•trikingly  exhibited  in  tlic  combination  of  acids  with  salifiable  bases:  the 
«8eei  is  then  catled  Nmtralimtion.  When  an  acid  ami  a  ba»e  combine 
in  oertatn  proportiiins.  their  opposite  properties  are  nuitasilly  destroyed, 
»ti«l  a  mure  or  le«^  indiHV>rent  compound  h  the  reaulL  Hydrocliioric 
aciil,  for  example,  tastes  and  smells  strongly  acid  and  reddens  litmus; 
■intnonia  has  a  powerful  alkaline  Bmcll  and  taste,  restores  the  blue  coloor 
of  litinu;!  which  has  been  reddened  by  an  acid,  reddens  turmeric,  and 
^iTess  green  colour  to  violet  juite — these  changes  of  colour  being  again 
nni«raTde  by  acids  j  both  these  substances  in  the  concentrated  state  exert 
n  powerful  caustic  action  on  the  animal  body  though  in  diflerent  ways, 
and  cannot  therefore  be  swallowed  without  injury,  except  in  very  small 
(lu&ntitiojj  and  in  a  state  of  dilution.  If  now  the  a(|ueous  solation  of 
lijrdruchloric  acid  and  aqueons  solution  of  ammonia,  he  mixed  in  certain 

[►roportions  (the  roquircd  proportions  may  be  ascertained  by  the  use  of 
ilmus  or  turmeric  paper),  a  perfectly  neutral  compound  will  be  obtained, 
which  reddens  neither  litmus  nor  turnieric,  tastes  and  smells  neither  acid 
■or  ftlkftltne,  but  is  devoid  of  smell  and  has  a  saline  tafite,  has  no  cor- 
ivaive  action,  and  may  be  6waUowe4l  in  mnch  larger  quantities.  The 
rices  have  therefore  netUralized  each  other  both  chemicnlly  and 
111  dly ;  a  neutral  conipoiaict  has  been  formed;  ■neutrality,  chemical 

"•<|uil[liruini,  chemical  indifference  has  been  produced.  The  proportion 
to  whicl)  tbi^  mutunl  destruction  of  chemical  properties  is  most  completely 
rpctctl  is  cn]]e<I  the  point  uf  neuiralizatim^.  Exactly  one  atom  of  hydro- 
Joric  acid  is  required  to  noutnilizo  one  atom  of  ammonia.  If  to  this 
neutral  compound  a  fresh  quantity  of  hydrochloric  acid  be  added,  the 
character  of  (he  acid  will  agaiu  become  evident  by  its  sour  taste  and  its 
ctfMt  on  litmus;  it  will  prevail,  preponderate,  or  be  in  exceta,  or  tho 
amoouia  will  be  xupermturated  with  hydrochloric  acid:  eimilar results, 
Jy  of  the  opposite  character,  would  be  obtained  by  adding  more  am- 
aia  to  the  neutral  compouod. 


Adde.s'da  to  the  Theory  op  the  Qualitatite  Altehatiok  op 
Elements  in  Combination. 

Altliotigh  the  properties  of  a  compound  are  mainly  dependent  on  those 
F<iU  elMnenltf,  and  on  the  proportion  in  which  these  elements  are  cem- 
Uacd,  it  has  nercrtholess  boea  ehovru  by  recent  experiments  that  other 
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circunislancea  llkewbe  have  an  loflucnoo  on  Ibie  matter,  uid.  tHftt  eoitt* 
pobniU  may  tsiist  cuuipo&eil  of  the  same  aubstatices  in  the  eanie  propor- 
tions, and  yet  iirwisesaing  very  different  properties.  To  tlna  part  of  tlie 
Btihjoct  belong  Mitscherlicb's  theory  of  DiniorpUism,  Fnchfl's  iheviy  of 
AniorphisBi,  and  Berzelius'a  theory  of  Isomerism,  Pulymeriam,  and  Meta- 


in  the  Proptiiies  of  Compound*,  wAi'cA  may  It  txplained  <M» 
tfiesis  ofdifffTcnt  Mode*  of  An-anycmenl  of  tlteir  Compound 


Diferenen 
die  l/t/po(ftesis  qfilijft 
Atomt. 


m.  Dimorphism  and  Trimorphisrn. 

The  same  subBtauces,  whether  simple  or  cotnpoui^d,  may  laystaUiie  In 
forms  which  keluug  to  two  ar  three  ditTerenl  »yeteiQt!  of  cryetallization,  or 
which,  even  if  they  belong  to  the  same  syateni,  yet  exhibit  such  differences 
in  their  con-euponding  angles  ne  to  render  it  quite  impossible  to  reduce 
thcni  to  the  eame  form:  this  was  first  shown  by  Mitecberlich.  Thia  dif- 
ference of  crystalline  form  is  aesociated  with  difference  of  ^iiwific  gravity, 
hardness,  colour,  and  other  properties.  Whether  a  body  shall  crystjUliid 
in  one  system  or  another  seems  to  depend  chiefly  on  temperature.  Cryatak 
formed  at  one  particular  temperuture,  and  then  eijioscd  to  tlrnt  tempera- 
ture at  which  crystals  of  a  different  kind  are  produced,  often  lose  their 
tiansparency,  and,  without  altenition  of  external  form,  become  changed 
into  an  aggregate  of  small  crystals  of  the  lattor  kind.  We  may  therefore 
imagine  that  the  atoma  of  the  solid  crystal  displace  one  another  in  such  a 
manner  as  to  bring  ribout  tha.t  particular  arrangement  which  they  are  di»- 
poeed  to  assume  at  the  altered  temperature^  the  new  arran^ment  belong- 
ing to  a  different  crystalline  system. 

The  causes  of  Dimorphism  hitherto  observed,  iuclading  those  relating 
to  simple  substances,  are  as  follows: — 

Carbon  in  tbe  dia^mond  forms  crystals  belonging  to  the  regular  ajrat^mj 
in  graphite  to  the  rhombohedral  system, — unless  the  latter  are  to  bo 
regarded  an  peeudoraorfdious  crystals. 

Sulphur  crystallizes,  on  cooling  from  a  state  of  solution  in  sulphuret  of 
oarbon,  in  rhombic  octobedrons  belonging  to  the  right  prismatic  sy»- 
tem  {fy.  41 — 44),  exactly  like  those  of  native  sulphur;  if,  on  the  other 
band,  melted  sulphur  be  allowed  to  cool  slowly  till  a  portion  of  it  has 
beootno  solid,  and  tbe  still  lirjuid  portion  be  then  poured  out,  tho  eolidified 
portion  exhibits  obliqne  rhombic  prisms  belonging  to  the  oblique  pris- 
matic system.  These  are  at  first  perfectly  transparent,  of  a  deep  yellow 
colour,  and  somewhat  harder  and  denser  tliau  those  of  sulphur  ctystatliied 
in  the  cold;  but  after  being  kept  for  a  few  days  at  ordinary  tt.'m))eratures, 
they  become  opa({uc,  and  of  a  straw-yellow  cotour.  At  the  lower  tem* 
perature,  therefore,  the  atoms  of  Bul])hnr  arrange  theuiaelvea  in  such* 
manner  aa  to  form  a  rhombic  octobedron,  at  tbe  higher  temperature  jnet 
below  tbe  melting  point  (about  107*  C.,  or  224"  Fab.),  the  modo  of 
arrangement  is  such  as  to  produce  an  oblique  rhombic  prism.  When 
these  last- mentioned  crystals  are  brought  to  a  lower  temperature,  a  general 
displacement  of  the  atoms  appears  to  take  place,  whereby  they  aro 
brought  into  the  particular  relative  position  which  belongs  to  the  rhombic 
octobedron;  and  this  change  destroys  their  transparency,  because  in 
place  of  one  crystal  an  aggregate  of  crystalline  particleis  is  produced 
which  refract  light  in  different  direction^  (Hitacherlich).  Aocurding  to 
Fraokeoheim   (J.  pr.  Chem.  16,  5),  eulphuf   assumes  tho  form  of  the 
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ffu  rLombic  prism  when  precipitated  from  eolutions  or  anbliinod  at 
^j^tocntturos  near  its  iiieltin^  poiat. 

•  nalirc  copper  generally  occurs  in  cubeis  and  other  forms  belonging  to 

■  regular  ftystcm;  but  Hauy  once  found  it  in  double  six-aided  pyramids 

*/^t!i  truncated  edges  (/</.  138).     Se^ljock  like  wise  obtained  cwpper  aftor 

ftsiim  in  crjstalfl  belonijjng  to  the  rlionibohedral  system.     Aceordinjt;  to 

Haidinger  and  H.  Raae  {Ptigg.  23,  1D7),  Ivowever,  these  cryatals,  whicli 

Jip|>cnr  Ui  belong  to  tbe  rhomboLedra,!,  a.re  really  m:icle  cryiitale  of  the  oaba 

*t(h  pyramidal  summita  (^.  9),  and  therefore  belong  likewise  to  tUe 

Kgnlar  eystem. 

Suboxide  of  copper  occurs  in  ordinary  red  copper  ore  in  regular  octo- 
bodrona  aud  other  forms  belonging  to  the  regular  Hystem,  but  in  copper- 
biootn  it  exbibitx  a  regular  eix-sidod  ))rism,  whose  planes  of  cleavage  are 

"lei  to  the  fdces  of  an  obtuse  rhonabobedi-on-  (Soccow,  Poy^.  34,  528.) 
nay  be  regarded  as  a  ease  of  diinorphifim  sinular  to  that  of  cop[>er^ 
vcuB  the  latter  is  really  dtmorplious. 

Protoxide  of  lead  crystallizes  after  fusion,  as  well  as  from  a  saturated 
•oluti«)n  in  hot  concentrated  caustic  potash,  in  yellow  rhombic  octohedroiis. 
If,  however,  the  solution  is  not  fully  saturatecl  with  oxide  of  lead,  so  that 
eryyiaJtixation  doea  not  take  place  till  after  complete  coolings  red  crystal- 
line Bcailea  are  deposited  on  the  yellow  rhomhio  oetohedrons  just  formed : 
if  the  red  erystals  are  heated  they  turn  yellow  on  cooling,  in  consequence 
of  pH«fliiig  into  the  nrst  form.  (Mitachcrlicb,  J,  pr.  Chtm.,  19,  451.) 

Oxide  of  titanium,  Ti  0',  occurs  in  nature  iu  the  two  forms  of  anatase 

rutile.  Although  both  these  crystals  belong  to  the  square  prismatie 
tn.  tlieir  angles  are  incompatiuiej  they  cannot  be  reduced  to  the 
'  primitive  form  j  the  specific  gravity  also  of  anatase  is  3'il2(J,  that  of 

lo  4'2-iy. 

A rwnioHS  acid,  As  0',  generally  crystalliiea  in  regular  octohedroni; 

bat  Woliler  {Pngg.  26,  177)  found  it  also  in  the  form  of  native  oxide 

of  antimony,    SbO^  (Weissspieeaglanzer?,),  wbicli  belongs   to  the  right 

"  matte  system.     Wobler  also  obtained  artificially  crystalliKed  oxide  of 

mun\r  in  regular  octohedrons.  CoDsequeiitly  As  0'  and  Sb  0*  are 
%»f.  "  '<iui;  i.e.,  they  are  capable  of  erysiallizing  in  two  diSerent 
fill  I  are  similar  eacb  to  each. 

i.'ii nil. buret  of  copper,  Cu'S,  appears  in  copper  glance  in  crystals  of 
Iherhonibobodral  system  (///.  131,  13*2,  135, 137);  but  Mitscbcrlicjj  {Potjff. 
if*.  157),  by  melting  together  Inrge  quantities  of  copper  and  sulphur, 
obtained  it  in  regubvr  octohedrons.  These  two  forma  are  the  same  as 
thti)>e  of  Clipper  and  its  red  oxide. 

Ui.«ul{>lMtret  of  iron  occurs  iu  nature  a^  iron  pyrites  in  crystals  belongs 
tug  to  ill"?  regular  system,  (/<j.  18,  19,  20,)  and  as  white  iron  pyrites  in 
tbo**i  (if  the  right  prismatic  system,  the  latter  being  of  a  paler  yi^llow 
and  much  gofter.  Breithtttipt  imagines  that  the  oblique  rhontbie  sulpliur 
which  may  be  supposed  to  exist  in  common  iron  pyrites,  has  imparted  tbo 
liemihednlt  chaRicter  to  the  iron  wbicb  has  retained  its  original  system, 
— and  that  the  white  jiyritea,  which  in  form  resembles  the  rhonibo-octo- 
hedrHl  Mjlpliiir,  may  contaia  this  kind  of  sulphur;  and,  accordingly,  that 
th«  whiti'  pyrites  has  boDU  formed  at  a  lower  temperature  than  the  com- 
tijon  Tivriclv- 

Pmtioiiide  of  niercnry  separates  from  solution,  and  likewise  Buhlimea 
tt  a  verv  geiitl«  lu'at  in  scarlet  tables  belonging  to  the  square  prismatic 
•r»teo!, 'but  wbtrn  sublimed  at  a  higher  temperatnro,  iu  sulpbHr-yellow 
rbumbio  tables  of  the  oblique  prismatic  system.     The  red  crystaUi  turn 
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The  yellow  crystals 
cooled;  but  ou  the  sligbtctt 


id,  and  resume  their  red  tint  on  cooling, 
obtained  by  eubliniation  reteiti  thoir  colour  wheo 
rubViiiig  or  stirring  with  a  pointed  iustni- 
nient,  the  part  which  is  touched  turns  scurk-t,  and  thie  change  of  colour 
extendi^,  with  a  sliglit  motion,  as  if  the  mass  ivere  alive,  throughout  iho 
whole  group  of  ciygtols  ae  far  sib  they  adhere  together,  la  this  case  the 
yetlowr  crystaU  ret.ilti  their  cxtcnial  form  unchanged,  while  the  compound 
atoms  must  have  taken  up  the  relative  poaitiou  which  belongs  to  tbe  red 
cryslalsj  the  yellow  ci^otals  are  therefore  pscudomorphoue.  The  sajne 
cryst*'-''  twin  yellow  evety  time  they  are  heated,  and  red  again  on  cool- 
ing. (Hayc«.  Sift.  Am,  J.,  16,  174;  also -SVAw.,  57,  19&,)  The  originJ 
red  crystala  also  turn  yellow  when  heated,  and  retain  tJiis  colour  after 
cooling  for  several  days,  even  when  touched  with  forci^ni  bodies,  arid  &t 
length  spontaneously,  hut  very  slowly,  resunie  their  red  colour.  \Vben 
the  red  crystals  arc  sublimed  at  a  very  gentle  heat,  red  and  yellow 
crystal'^  BubliiiiC  together.  If  a  glass  plate,  having  both  red  and  yellow 
crystals  on,  it,  l>e  wanned  so  frently  that  the  red  ones  do  not  cbango 
colour,  but  suhlinjation  nevertbclese  ^oes  on,  both  rod  and  yellow  erystals 
collect  on  a  phite  held  above  the  former.  Now,  since  the  upper  plate  is 
cooler  than  the  lower,  and  the  latter  is  not  hot  enough  to  change  the 
colour  of  the  red  fryalals,  the  yellow  crystals  on  the  upper  plate  can  hstve 
come  only  from  those  of  tlic  same  colour  on  the  lower;  they  must,  there- 
fore, have  sublimed  as  yellow  crystals,  and  the  vapour  of  the  yellow 
crystals  must  be  difi'erent  from  that  of  the  red  ones.  (Fraukeuheim,  J. 
pr.  Chem.,  16,  4.) 

Carbonate  of  lime,  CaO,  C  0',  in  the  form  of  calcspar,  whose  sp.  gt.'\ 
=  2'72Ii  belongs  to  tbe  rhoinbotiedral,  in  arragonite,  whose  sp.  sr.  14 
2'&31,  to  the  right  prismatic  syEtem.  (An  es])lnuation  of  (his  differ- 
ence was  formerly  sought  in  the  fact  discovered  by  Stromeyer,  \\f..,  that 
arragonite  usually  contains  email  quantities  of  carbonate  of  sLruntia.) 
The  same  peculiarity  is  presented  by  carbonate  of  iron,  FeO,  CCH,  wliieh 
in  sparry  iron  ore  (of  3'tiT2  sp.  gr.)  has  the  form  of  calc^par,  in  junkeritfi 
(of  S'SIS  Fp.  gr,)  that  of  arrngonile.  Hence  Ca,  Co",  and  FeO,  C  0'  ur% 
isodimurphou!^.  If  a  solution  of  carbouatc  of  lime  in  water  containing 
carbonic  acid  bo  left  to  evaporate  at  the  ordinary  temperature,  nothing  i% 
obtained  but  calcspar,  in  niicroscopiool  and  for  the  nicst  part  truncated 
primitive  rhomboids  {fit/.  142) ;  if,  on  the  contrary,  the  solution  be  eii'a.po- 
rated  over  the  watcr-hath,  arragonite  is  obtained  in  small  6-sided  prisiiiir, 
mixed  with  a  few  cry.-^tals  of  tiitcs])ar,  because  the  temperature  of  the 
aolutiou  is  lower  at  first  than  it  afterwards  bccomesi,  and  the  sp.  gr.  of  tho 
liooid  is  not  higher  than  2  ti03.  V\  ben  an  aqueous  solution  of  chloride  of 
calcium  is  mixed  at  ordinary  temperatures  with  an  aqueous  solution  of 
carbonate  of  ammonia,  a  voluminoua  flocculout  procipilote  of  chalkj 
(nmorpbous?)  carbonate  of  lime  is  first  produced,  which  if  immediately 
collected  on  a  filter,  washed  and  dried,  remains  unaltered,  possessing  & 
tp.  gr.  of  2"716,  and  appearing  under  the  microecoYte  to  consist  of  ^mali 
rpatjuc  granule?;  but  if  tbie  same  precipitate  be  left  for  some  time  in  the 
saline  litjuid  from  which  it  has  been  precipitated,  it  collcrUs  into  mtcro- 
•copical  crystals  of  calcspar,  of  2'7]9  sp.  gr.  If  the  snnic  salitio  solutions 
be  niixe<l  boiling,  the  carbonate  of  ammonia  being  added  to  the  chloride 
of  caloium,  arragonite  is  obtained,  mixed  with  a  small  portion  of  ralesp&r. 
If,  on  the  contrary,  the  chloride  of  calcium  be  added  to  tho  caihonale  ot 
amuionia,  arragonite  ia  obtained  ahme,  in  exceedingly  small  crystals  of 
2S)49  sp.  gr.     If,  however,  these  cry8t*la  arc  not  immedintely  collected 
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on  a  filter,  washed  and  driedj  but  allowed  to  remain  in  tlie  liquid,  tliey 
gradually  cLan^re  after  tbc  liquid  ha«  cooled,  and  in  about  a,  weok  n,tQ 
coin|>letely  converted  into  calcspar;  in  pure  water  tltis  transformation 
goeft  on  much  more  slowly,  WLen  carbonate  of  lime  ia  fused  under 
strong  preesure,  aa  in  Hall's  method,  it  invariably  crystallizes  on  cooling 
in  tbc  form  of  calcspar.  A  tolerably  turge  crystal  of  srragonite  falls  to 
pieces  at  a  low  red  lieat  without  losing  weight,  and  forms  a.  white  oparjuo 
"  »rse  powder,  having  a  sp.  gr.  of  only  2-TOfl.  Hence  it  follows  that 
irhttiiate  nf  IJine  cryslaliizeB  at  about  1U0°  C.  in  the  form  of  arragonite, 
but  at  a  lower  temperature,  or  at  a  red  heat,  in  the  form  of  calcspar. 
The  arragonite  which  occurs  in  the  caverns  of  volcanic  districts  must 
hivve  been  formed  by  infikriition  while  the  mass  was  yet  warm.  Accord- 
ing Ui  these  experiments,  carbonate  of  etrontia  ia  not  necessary  to  the 
fonnatiou  of  arragonite;  iiutoed,  many  ppecimena  of  natural  arragonite 
Afo  free  from  it.  Since,  bowerer,  arragonite  and  carbonate  of  strontia 
cryst-aHixe  in  the  same  form,  the  latter  may  often  become  mixed  with 
crystals  of  the  former.  If  chloride  of  strontium  ho  decomposed  by  car- 
bonate of  ammonia  in  the  cold,  carbounte  of  ^struntia  precipttateA  in  an 
iodetermitiate  form,  but  assuraea  the  form  of  arragonite  on  being  lioatcd. 
Chloride  of  barium  and  chlurido  of  lead,  treated  with  carbonate  of  amnio- 
nift  iu  the  cold,  yield  precipitates  of  carbonate  of  baryta  and  carbonnte  of 
Icwl  in  the  form  of  arragonite.  The  carbonates  of  baryta,  t^trontia,  and 
lead,  cauiiot  be  inado  to  assume  the  form  of  calcspar.  (H.  Itoae,  I'ogg., 
47.  3.VJ.) 

Nitrate  of  potash  usually  crystallizes  in  prisms  of  the  form  of  arrago- 
nite: but  if  a  drop  of  thea(|ueou3  aalution  of  this  salt  be  left  to  evaporate 
on  »  glass  plate  and  tbo  crystallisation  observ'cd  under  the  microscope,  it 
will  bo  found  that  aide  by  side  wltii  the  priematic  crystals  at  the  edgo^  of 
tbc  <!rop,  a  number  of  obtuse  rhomboids  of  the  caltipar  form  are  produced 
jtujt  like  those  in  wjiicb  nitrate  of  soda  crystallizes.  As  the  two  kind.si  of 
erytials  increase  in  size  and  approach  one  another,  the  rhomboids  hecoriio 
ronoded  off  and  dissolve,  because  they  are  more  easily  solable  than  the 
Oil»M«,  while  the  arragouitc-ehaped  prisma  go  on  increasing  in  size.  When 
tlie  iwa  kinds  of  crystals  come  into  immediate  contact,  the  rhomboidal 
opes  idstantly  become  turbid,  acquire  an  uneven  surb^ce,  and  after  a  uhort 
tiioe  (brow  out  prisma  from  all  parts  of  their  surfaces.  Contact  with 
foreign  bodies  also  brings  about  the  tranaformation  of  the  rhomboids 
while  thoy  are  wet.  If  the  drops  are  so  shallow  that  the  liiiuid  dries 
roand  tbo  rhomboids  before  tbcyare  disturbed,  they  will  remain  for  weeks 
without  disintegrating,  and  bear  gentle  preesuro  with  foreign  bodies 
without  alteration;  but  stronger  pressure,  or  scratching,  or  the  mere  contact 
of-.  f.r;..,,-,tic  crystal  of  saltpetre  causes  them  to  change,  a  delicate  film 
pi  as  it  were,  from  the  point  of  contact  and  epreatliug  itself  over 

tU  . '  -..I  i...  CIS  J  they  then  behave  towards  foreign  bodies  like  a  heap  of  fine 
dnut,  but  retain  their  transparency.  The  rhombohedrons  are  also  trans- 
formed without  alteration  of  external  appearance  when  heated  consider- 
ably above  100'  C,-  thoy  tfien  become  much  harder,  because  the  Cne  powder 
ftret  produced  bakes  together  into  prismatic  crystals.  A  hot  solution  of 
aU^wtre  yields  when  sli^litly  cooled  nothing  but  prismatic  crystals;  but 
•1  10°  C,,  (+  14°  Ftth. )  prismatic  and  rhombic  crj'fitalB  appear  togethi-r;  if 
alcohol  be  added,  the  latter  are  formed  most  abundantly;  the  addition  of 
potiuh,  nitric  acid  or  nitrate  of  soda  produces  no  alteration.  (Franken- 
Min,  Po<j'j.  -VO,  447  ;  also  Jl  pr.  Chem.  16,  1.) 

&d-iunn)oniac  which  commonly  crystallizes  in  legulnr  octohedrona 
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appears  at  hi^fhcr  tetnperatuKis  to  Ewaume  forms  beloDging  to  the  rigbl 
priHmatic  syntcm,     (Ffdnkenhnim,  4/. /jnCArtw.  16,  3.) 

loditlo  of  potasaium,  wbich  usually  crystallizes  in  cnlies,  likewiw 
fomi«  sqaare  prisms  with  trnnrated  summita  (dff,  32)  ■whicli  caniint  be 
regiirtioti  a.^  cuDo-octobodrons  because  tlieir  n-iaces  make  an  acirlti  oi  120' 
with  p  and  of  about  150''  with  g.     (Kane,  PfiiL  Muff.  J.  16.  222  ) 

Cbromftte  of  lead  occurs  iu  red  lead  ispar  in  tl]e  form  of  oblique 
rhombic  prisms:  bul  in  clironiate  of  lead  from  the  Banuat  the  B»me 
aniwtance  presents  fumis  belong'ing  to  the  equafe  prismatic  system,  having 
the  enine  angles  as  mtilybda!*?  of  lt?ad.     (Johnston.  Phil.  May.  J.  1 2,  3*7,) 

Sulphate  of  nickel  (Ni  0,  SO',  7A<})  crvstiiiruefl  («)  below  15"  C. 
fOO"  Fah.)  in  right  rhombic  prisme  (/fy.  73);  (6)  between  15"  and  20°  C. 
(60'  and  68*  Fall.)  in  acute  ocf^bedrons  with  square  bases  (^y.  36,  37); 
and  (f)  above  30"  C.  (88'  Fab.)  in  oblique  rhombic  prisms,  aim  to 
forma  b«loiic;in^  to  the  right,  sqnare,  and  oblique  prismatic  system* :  it  w 
thercforo  tn»vjrph/)H«.  The  right  rhombic  prisma  (a)  when  cx'^Kiacxl  to 
eunltglit  for  n.  fdw  days,  noithoT  liquefy  nor  lose  their  form  or  water  of 
orystaUizatioii,  but  when  broken  are  found  to  be  made  up  of  efjuare-Ttaaed 
octobcilrons  oftoii  several  lines  in  length. 

The  following  salt*  isomorphous  with  sntphate  of  nickel  have  hitherto 
been  obtained  in  only  two  out  of  the  three  forms  just  mentioned,  Sulpbato 
of  zinc  {Zn  0,  S0^  7Aii)  crystallizes  below  52"  C,  (12.i'6°  Fah.);  in  form  a, 
below  52*  C,  as  observed^  by  Haidingcn  in  less  transparent  cryatals  like  e;  h 
if  crystal  a  be  heated  in  oil  or  in  a  glass  tube  above  52°  C,  it  beoomea  H 
soft  at  certain  points  withoat  loeing  water  exoeptiug  any  that  may  be 
adhering  to  it  mechanically,  and  from  these  points  bundles  of  milk-wbiio 
crystals  c  shoot  out  towards  the  inside  of  the  transparent  crystal  until  tbo 
whole  is  completely  transform e<l.  If  the  crystals  obtained  above  52"  bo 
slowly  cooled  after  drying  they  remain  tolerably  clear;  but  when  cooled  I 

J[uickly  before  drying  they  become  opaque,  and  when  broken  are  often 
ound  to  consist  of  an  aggregate  of  crystals  a,  these  having  been  first 
fonneii  in  the  adhering  molhor-liquid  anrl  sub9C(|Uetitly  extendocl  llirougb 
the  crys^taU  already  formed.     Sulphate  of  magnesia  (MgO,  SO',  7Aq)i 
like  sulphate  of  zinc,  yitdds  right  rhombic  prisiiiti  a  below  52  ,  and  obliquo 
rhombic  prtams  e  above  52" ;  and  the  crystals  a  when  healed  above  52   arol 
immediately  cojiverted  iuto  an   opaque   aggregate  of  crystals  c,  which 
proceed  from  iho  surface  of  the  crystiils  ami  meet  in  the  middle,     Sclo- 
niatc  of  nno  (2n  0,  Kc  0',  TAq)  cry^tallties  at  a  lower  tempcmtnre  like  o,  j 
at  »  higher  temperature  like  (/,  and  the  crystals  a  undergo  an  altertttion 
of  internal  structure  when  exposed  to  sunshine.     (Mitscberlich,  J'tt^'j.  S,  I 
19  and  12,  144.)  ' 

Acid  phosphate  of  soda  (NuO,  PO',  4Aq)  crystallizes  in  two  series  of 
forms  {fiff.  61 — 64)  both  of  which  Ijelong  to  the  right  prismatic  system  ] 
but  have  incompatible  angles,     (Mitacherlich.) 

Vesnvian  (ji-^  39)  and  garnet  f///,  3)  consist  of  the  same  chemiral  i 
compound,  orygtallizod  in  forms  which  bclonp  to  the  square  prismatic  antlj 
regiiliir  systems  respectively  {Vomp.  page  106).  I 

Kar»ten   likewige    regards   as    dimorphous   compounds:    Augito   and 
tabular  spar;  felspar  and  albitc;  sodaljtc  and  scapolite. 

$.  Amorphism, 

Every  solid  body  is  either  orytftalUne  or  amorphous.     In  the  latter 
8t«t«  it  ifl  destitute  not  only  of  cryatallino  form  but  of  all  traces  of  crys- 
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tAllJaa  strncturo  tirtfa  in  it«  smallest  particles.  It  has  no  power  of  double 
reCraotiuQ  as  many  crystals  have,  no  jtlanes  of  cleavage,  being  e<|aiillj 
easy  or  eqnnlly'  difficult  of  separation  m  all  directions,  and  oiliiliiu  wbcii 
br»>k<>n  not  a,  ^rnmular  hut  a  conohoidal  fiucturo.  Marble  and  cveu  comnum 
ItmcHtoiio  are  not  amorphous  bodies  but  aggregatoa  of  Buiall,  imperfectly 
developed  crystals :  glaes  is  aniorpiious. 

We  often  find  the  same  body  assuming  the  cirystalline  or  the  amor- 
pboag  condition  according  to  the  circumstancea  under  which  it  passes  ^om 
the  li<iaid  to  the  solid  state:  soino  bodies  ti^iii  ate  more  inclined  to  the 
crvstaltiiie,  wthers  to  the  amorphous  state:  some  are  knovrn  to  exist  in  one 

ily  of  tliew  conditions.    The  earns  body  is  generally  speaking  specifically 
ivic>r,  harder,  and  less  soluble  in    the  crystalline  thivn  it  is   in   the 

morphoQi!  state :  tbe  atoms  seem  to  be  more  closely  packed  in  the  former 
condition  than  in  the  latter.  According  to  Graham,  an  amorphous  Iwdy 
also  ronlaina  a  larger  qnantity  of  combined  beat  than  one  which  Los  a 
cryhUitlino  otracture.  The  passage  of  a  body  from  the  amorphous  to  the 
crystalline  state  is  called  by  Fuchs  Trantformatimi,  and  the  change  from 
th«  er^retaJline  to  the  umorphoas  state  Dtfwnuiioii-  The  amorphous 
at&l«  Is  particularly  apt  to  occur  when  the  atoms,  either  from  viscosity  in 
tbe  Ii4|uid  or  a  too  rapid  paasnge  from  the  liquid  to  the  solid  state,  are  not 
uhlf^  to  arrange  themselves  in  that  peculiar  maaner  which  ootistitiitei 
crystnliine  structure. 

An  amorphoua  body  may  he  prodnced : — 

1.  By  fusion — the  procasB  is  then  calW  Vitrification. -—Coramon  glass, 
many  ulagR,  absidinn,  pamice-stune,  pcarl-etone,  vitriScd  borax,  phosphoric 
•ejd,  arsenious  acid,  arsenic  acid,  boracic  arid,  &c.  All  bodies  which 
ardidify  in  the  finior[ihoa$  slate  form  Tiacid  liquids  when  melted.  If  ft 
Wly  «p|>C"ar!i  transparput  immedlateiy  after  cooling  from  a  state  effusion 
it  may  tenorally  lie  regarded  afl  amorphoua;  but  if  it  becomes  opaque 
ttptia  cuulirig,  Although  it  was  transparent  while  melted,  it  is  then  moat 
prubably  crystalline,  (p.j.  hydrate  of  potash  and  carbonate  of  lime): 
DMaiMe  the  ituineroua  small  crystals  interlacing  each  other  iu  all  directions 
refract  light  in  a  cow  fused  and  Irregalar  manner.  According  to  Graham, 
oHd  phoephate  of  soda  gives  out  leea  heat  at  the  moment  of  solidification 
than  acid  arseuiate  of  soda;  tbe  former  solidifies  in  the  form  of  a  trans- 
iBiroqi  gloss;  the  latter  in  that  of  an  opaque  fibrous  mass. 

2.  By  evaporation  of  a  solution. ~- A  sotation  of  gum,  gluo,  white  of 
egg,  soluble  glass,  &c.  ih,  water,  and  of  most  reaiiis  iu  alcohol,  leaves  the 
diseotved  bodies  in  an  an^orphnns  state  when  the  litjuid  evaporates.  All 
ihow  bodies  require  but  a  very  small  quantity  of  the  solvent  to  retain 
them  in  the  liquid  state;  consequently,  after  the  greater  portion  of  it  haa 
OTftporaleil,  they  still  remain  dissolved  aud  form  very  thick  solutions,  the 
VbcKwity  of  which  appears  to  prevent  the  particular  mode  of  approxima- 
tion of  the  atoms  required  forcryfitallization. 

3  By  precipitation. — Most  if  not  all  voluminous,  gelatinous,  and 
Ttarid  precipitates  must  lie  regarded  as  amorphous.  Some  of  them  retain 
thtitcf.nditign  even  after  remaining  for  a  long  time  in  the  liquid,  and  form, 
aflcr  washing  and  drying,  earthy  or  transparent  masses  having  a  con- 
choidal  fracture  like  alumina  or  phosphate  of  lime;  others  sink  to  the 
Imttom  of  the  li<juid  in  which  they  are  proilucwl,  and  with  various  degrees 
of  rapidity  collect  themselve**  into  an  aggregate  of  small  crystals,  e.ff.  urio 
acid  aixi  carbonate  of  lime,  [t'omp.  Link  (/V/.7-  ■*«.  258)  •  Mitsclierlioh 
(Ann.  Chim.  /"Ays.  73,  38tf)  >  Erdmann  (J,  pr.Cfiem.  19,  343,  345  and 
353.)] 
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The  following  \a  a  \ml  of  bodies,  elementary  sobetanoM  ioelutl«(I,  in 

wliich  both  cundltions  have  been  obeenedr 

Carbcjii  is  crystallized  iu  the  «lia.tiionil,  aniorphotts  in  ch&rcoal  and 
l&mp-blark,  and  according;  to  Fncbs's  view  in  graphite  also. 

PlH)s[iborus  kept  under  water  in  the  dark  becomes  covered  wilU  a 
white  opanuc  crust  wliicli  contaius  nc*  water  but  consists  of  pure  i^bos- 
phoriiRj  and  when  heated  nbove  104"  Fjih.  melts  a^lti  witbout  loss  ftf 
weight  to  tho  f^tatc  of  ordinary  nhosplioras.  (H.  Rose,  Poj?^.  27,  563.) 
One  of  these  two  conditions  is  jirohably  amurphoua. 

When  sulphur  is  heated  cons'idorablv  above  it*  melting  point  to  about 
180  or  200  C.  (356  or  300'  Fah.)  tilf  it  becomes  quite  viscid  and  then 
poured  into  water,  it  solidifies  to  a  soft  hyacinth-red  vitreous  mftss,  which 
however  in  a  few  daya  resumes  its  crystalline  structure  and  becoinus 
yellow  and  opaque.  (FuchB.)  When  this  s-oft  vitreous  sulphar  is  plaoed 
in  an  oven  heated  to  about  98"  C.  {'208'  Fah.)  \ta  temperature  as  eoon  aa 
it  reaches  1)3'  C.  ^199-4:'  Fah.)  rises  suddenly  to  110  C.  or  230'  Fah.  and 
it  then  becomes  hard:  consequently,  at  a  tenii>eniture  near  its  mdtin^ 
point  the  eulphtir  passes  qiiiikly  to  it*  ordinnry  crystalline  state,  the 
change  being  acconipttuicd  by  a  di'mpagemcnt  of  heat,  (Regnault, 
Ann.  CA/Bi  r/ti/».  7C.  2!)0.)  At  ditlVrent  temperatures  nvelted  sulphur 
luay  exist  iu  three  diirerenl  states,  colourless,  yellow  and  red.  By 
warmiijjcf  a  small  quantity  uf  flowera  of  sulphur  on  a  g\ais8  plate,  or  by 
eublimaiion,  wo  may  obtain  colourless  drops  which  often  remain  for  week* 
witbout  crystallising;  they  appear  to  correspond  to  the  rhombo-octohoflrml 
sulphur.  At  a  higher  temperature  these  drops  become  yellow,  then  by  a 
quick  transition  green,  and  lastly  dark  red,  A  drop  of  sulphur  unequally 
hoatctl  exhibits  a  eharp  demarcation  of  the  red  and  yellow  portions;  the 
crystals  first  forme*!  by  cooling  do  not  extend  into  the  red  part.  The 
yellow  melted  sulphur  may  perhaps  correspond  to  tho  oblique  rhombic^ 
the  red  to  some  other  (the  amorphous)  variety.  (Fr&nkcnkeim,  J.  pr. 
Chem.  16,  5,) 

Silicium  which  has  not  been  ignited  bums  when  heated  in  the  air: 
but  that  which  has  been  previously  ignited  in  hydrogen  gas  doe*  not:  tlto 
former  is  probably  amorphoug,  the  latter  cryi-talline  and  therefore  mora 
coherent. 

The  remarkable  properties  of  platinum-black  are  in  allprobabitiiydim 
to  an  aniorphona  condition  of  the  metal. 

The  grey  uative  sulplmret  of  antimony  and  the  brown-red  substonoe 
called  Keruica  mineral,  must  be  regarded  as  the  fianie  compound  SbS'  ia 
its  crystalline  and  amoq>hous  statea,  Kcrmes  mineral  fused  out  of  con- 
tact of  air  sufFera  no  alteration  in  weight,  but  crystalliiw;**!  on  cooling  into 
a  mass  resembling  the  native  eulphurct :  on  the  other  band,  Fucha  baa 
ehowu  that  whoa  the  latter  is  kept  in  the  fused  state  for  a  considerable 
time  in  a  narrow  glass  lube  (if  fused  for  a  t^liort  time  only  the  alteration 
is  not  complete)  and  tlicn  thrown  into  cold  water,  a  shining  dark  grey 
mass  ie  obtained,  which  appears  of  a  dark  hyacinth-red  colour  by  tmns- 
njitted  light  when  in  thin  films,  has  a  conchoiJal  fracture  and  a  sp.  gr.  of 
4*15,  while  that  of  the  native  sulphuret  is  4'752;  when  rubbed  it  yielda 
a  red-brown  powder  similar  to  Kcrmes  minernl,  but  somewhat  darker; 
whereas  the  native  sulphuret,  however  finely  it  may  be  powdered,  retain* 
ltd  grey  colour.  When  this  quickly  cooled  mass  is  again  melted  and 
suffered  to  cool  elowly,  it  returns  to  the  crystalline  state  of  the  native 
eulphurct.  Rapid  coaling  prevents  the  crj'»talline  arrangementj  and  the 
body  remaiuii  for  the  most  part  amoriihoua, 
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The  black  enlphuret  of  mercury  obtain^  hy  treating  a  protosalt  of 
mercury  witL  excess  of  eulpliuretted  hydrogen  lias  exactly  thp  same  com- 
ItofiitioQ  &s  citmaWr,  y'lz.,  Hg  S,  nnd  wht^D  sublimed  piissos  without  altvr- 
aliou  of  wei^flit  to  t!io  condition  of  that  substance :  on  the  coBtrnry, 
according  to  FucUs,  when  finely  pounded  cinnabar  is  heated  till  it  liegins 
to  enblime,  ^nd  then  thro>rn  into  cold  witter^  it  is  converted  into  the  black 
Milpharet.  In  this  case,  contrary  to  that  of  sulphuret  of  antimony,  the 
eryBtaUine  sulphuret  in  red  and  traaspa^rent,  whilst  the  amorphous  vnrictj 
u  gttf  and  A]>ai)ac. 

Chroinate  of  lead,  wlien  elowly  cooled  froni  a  state  of  fuaion,  is  brown 
mad  yields  a  ytdlowish  brown  powder,  but  when  anddenly  cooled  by 
(browtDj^  it  iuto  cold  water,  it  \s  red,  and  yidda  a  red  powder.  (Marcband, 
J.  pr,  Cixm.  If),  Cj  ) 

QuAFt2  liofi  a  specific  gravity  of  2"652,  refracts  light  doubly,  is  but 
vcTj'  fcligliliy  soluble  in  boiliog  solution  of  potash,  and  docs  not  harden, 
bowerer  finely  it  may  be  divided,  in  contact  with  lime  and  wat^^r. 
Opal  lias  a  ep>  gr.  of  2'f>9,  refrncta  singly,  dissolves  eaiiily  in  boiling 
«aai>tic  polasb,  duwly  in  the  «&nic  when  cold,  and  hardens  with  lime  and 
irat«r  iol«  a  mortar.  Both  minerals  consist  of  silica.  Opal,  however, 
contains  from  3  to  12  per  cent,  of  water,  and  the  difference  between  them 
bas  Le«D  ascribed  to  thia  circumstance,  ojmiI  being  regarded  &s  a  hydinte 
of  Kttica.  But  for  thi:9  the  quantity  of  water  in  opal  is  too  aniall  and  too 
variable,  Fuchs,  therefore,  regards  opnl  as  amorphous  eilica,  and  hia 
view  in  supported  by  the  fact  that  opal,  after  all  its  water  has  been  driven 
©ft"  by  i^itloD,  presenta  almost  the  same  appearance  and  in  nearly  sa 
soluble  in  pota.Hh  as  before.  Silica,  artificially  prepared  (by  fusing  any 
silirvous  minen»l  with  potash,  treating  the  fused  mass  with  dilute  liydro- 
rhlonc  acid  iu  eicesa,  evaporating  to  dryneee,  and  digesting  in  water,) 
haa  likewise,  after  ignition,  the  eanie  action  with  caustic  pfitasli  that 
mat  haa,  aod  maet  therefore  in  like  manner  bo  regarded  as  amurphoua. 
Coaieedooy  ia  a  nlxtare  of  quartz  and  opalj  boiling  caustic  potash  dt«- 
•olret  out  tbe  latter  and  leaves  the  former  in  the  state  of  cacbelong. 

.1  acid,  when  sublimed  on  the  large  scale,  solidifies  from  the 
•M<  high  tcmperaturc  into  a  perfectly  transparent  glass.     This 

whiur  giaaa,  when  kept  at  ordinary  temperature  for  several  months, 
Imcmbm  turbid  and  subsequently  white  and  opaque.  In  this  ease  there  is 
pfvfealily  a  transition  from  tbe  amorphous  to  the  cryatalline  state;  but  it  is 
rtnarfeablc  that  (aecording  to  Quibourt)  the  specific  gravity  diminisbes 
firtmi  3'7"<.5  to  :3  6}*j,and  that  the  oiKique  acid  disiwlvca  rather  more  abund- 
antly both  in  hut  and  in  culd  water  than  the  traui^parent,  whereas  in 
odicT  caac«  tbe  change  from  the  amorjibous  to  tho  ervstallinc  state  is 
accMOpaiuol  by  iQcrrasc<l  density  and  diminished  solubility.  When  tho 
tnaanuent  acid  is  dissolved  in  boiling  dilute  hydrochloric  acid  and  tbe 
•aiatHm  l*fi  to  cool  slowly,  every  crystal  as  it  sepanites  emitri  a  vivid 
Hgbt  Tke  opaq««  acid,  when  similarly  treate^l,  exhibits  uo  phospho- 
raecnre,  itateo  it  runlain^  some  of  the  transparent  acid  mixed  with  it. 
It  >y|iran  ibeu  lliat  the  transition  from  the  amorphous  to  the  crystallino 
alate^  vliirli  takes  place  when  the  acid  crystallizes  from  ka  suliitiun  in 
brdfacUaHc  arid,  »  accompanied  by  an  emission  of  light.  (H.  Rusi?, 
raff.  Zi,  4X1.)  This  phenomenon  seems  also  to  show  that  even  in  a 
«f  aiolattua  tbo  atums  of  a  solid  niay  liO  armnged,  sometimes  in  the 
MflBfftinaea  in  tbe  crystalline  order  ;  in  the  present  ini^lunce, 
latio«  «f  Ibe  inwsparent  acid  emits  light  on  crystallising  and 
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thai  of  the  opiu{iie  aoid  cIo«a  &ot,  tho  former  mttst  contAin  tho  acid  im  tho 

ainor|>livas  state. 

Urecn  glass,  kept  for  aeToml  hours  or  for  days  at  a  rod  heat,  juat 
trong  eoough  to  eofteo  it,  acquit^a  a  filirous  texture,  the  cliimge  pro- 
ceeding gradually  from  the  surface  towards  tlie  interior,  and  is  fiualljr 
converted  into  the  gnbetanco  called  Reaumur's  porcelaio,  which  is  white, 
sliglitly  transparent,  mostly  of  fihroua  fracture,  spocificaliy  heavier,  lew 
fnsilde,  and  much  harder  than  the  glass  out  of  wbii'h  it  has  been  formed. 
Tliia  change,  which  takes  place  withoat  loss  of  weight,  may  be  attrilmled 
to  a  cryistalline  arrangement  of  tho  atoms  brought  about  by  keeping  tUo 
glasa  for  a  long  time  ia  a  soft  state.     (Ti^/,  Siliciutn.) 

Basalt,  which  ia  an  aggregate  of  crystalline  granules,  is  conyerted  hf  j 
fiisioti  into  a  black  glass;  and  this  wheu  kept  for  a  long  time  at  ft  fed  heat 
becomes  once  tnore  fine-grained  and  opaque, 

A  mixture  of  clay,  lime,  and  magnetic  iron  ore,  yielded  when  in- 
tensely heated  a  black  slag ;  this,  after  it  had  solidified  and  nearly  eooted, 
eaddenly  became  red  hot,  and  fell  to  pieces  in  the  state  of  a  fine  grey 
j»owd()r>     (Fucha ) 

Sugar  which  baa  been  melted,  as  in  barley-sngar  and  honbonB,  is  in 
a  vilrooae  condition,  but  after  eome  time  becomes  white  ami  opaque.  ]f 
molted  sugar  is  allowed  to  cool  to  about  38"  Cor  100  Fah.,anfl  then,  while 
it  is  yet  soft  and  vriscid,  rapidly  and  frequently  extonJed  and  doubled  up, 
till  iit  la«t  it  consists  of  threads,  it«  temperature  rises  in  two  minutes  from 
104'  to  176°  Fall.,  and  it  then  oouBiste  of  minute  crystalline  groina  of  a 
pearly  lustre,     (Graham,  Elfmtnig  of  C/temistrif,  page  43.) 

Ve^uvian  and  calcareous  garnet  (grossularia)  have  the  same  eompo- 
sition:  for  example,  the  Veeuvian,  and  garnet  from  the  Wilaifluai  have 
the  same  formaU,  SCaO,  Al'  0^  SSi  0*,  excepting  that  in  both  minerals 
part  of  the  alamina  is  replaced  by  peroxide  of  iron  which  is  isomorphous 
with  it.  Vesuvian,  which  CTystnliizee  in  square  prisms,  has  a  specific 
gravity  of  3-4j  garnet,  which  cryetuIliKea  in  rhombic  dodecahedrons,  a 
sjjocific  gravity  of  3'63,  Those  dimorphous  minerals  both  pass  by  fu.sion 
into  tho  amorphous  state ;  they  both,  when  subjcct.ed  to  this  treatniuiit, 
yield  witliont  loss  of  weight  exactly  the  same  product,  viz.  a  glass  of  the 
same  green  colour  and  tbe  same  degree  of  tninsparenoy  as  the  cry.stailized 
minerals — but  softer,  and  having  a  sp.  gr.  of  only  2*95;  so  that  in  p!tsjtin|f 
from  the  crystiJline  to  the  amorphous  state  garnet  suiFers  an  expanstoa 
of  about  one-fifth,  and  vesuvian  of  about  one-seventh.  The  glass  is  also 
^ily  soluble  in  hydrochloric  acid,  which  is  not  the  case  with  either  of 
the  minerals.  {Comp,  Magnus,  (Poi/ff.  20,  477;  21,  60;  22,  391);.Hes8 
{^(y/g.  45,  341) ;  Varrentropp  {Po'Jif.  45,  343.)] 

Axinite  has  a  sp,  gr.  of  3'204,  and!  is  but  very  imperfectly  deCDn)- 

Ced  by  acids;  after  fusion,  which  takes  place  without  loss  of  weight,  it 
a.  sp.  gr.  of  2'815,  and  is  then  easily  dieisolved  by  acids;  this  greater 
Boluhility  it  acquires  eiren  at  a  heat  not  sufficient  to  fuse  it,  but  only  to 
bake  it  together.     (Bammclsliefg,  Pi't/ff,  50,  3(i3.) 

Many  other  crystalline  siliceous  minerals  not  soluble  in  acids  beoorao 
so  by  fusion,  probably  from  the  same  cause. 

The   following   aniorjjhous   bodies,    on    tho   contrary,   appear  td  be 
brought  into  the  crystal  line  state  when  eiubjected  to  a  heat  not  t>ui[icietit 
to  molt  tliero.     In  undergoing  this  change  they  exhibit,  as  first  observed 
by    Derzelius,    »    vivid    inatmleicenct-,   oorarocncing    at    tho    jMiint    most] 
atrongly  heated  and  extending  throagh  the  entire  masB;  they  ar«  after- 
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wards  fdund  to  possesa  greater  epecific  gravity,  greater  hardness,  and  less 
■ulriliility.  Tlio  iiicantiesceivee  here  observed  Is  sijuilar  to  t!ie  iihnno- 
ItJciiK  obscTvod  hy  Orsiliam  and  Regtidult  (pp.  104  anil  106),  Most  of 
Uie  bodiee  wliicli  exliihit  this  pbonuraenun  ure  originallj  crystalliuo,  but 
when  beated  become  porous  and  amorphous  in  eonseqiience  of  losmg 
wsltr.  amuonin.,  or  other  vobitile  matters;  then,  when  no  farther  loaa 
of  weight  takes  place,  if  they  are  heated  to  a  temperature  n  little  below 
rrtincM,  they  exhibit  the  incandescence  just  spoken  of.  To  this  ehuss 
beliiog — the  hydrates  of  zireonia,  titanit  acid,  tantalic  acid,  motybdoua 
oxide,  oude  of  chrotninin,  peroxide  of  iron,  and  oxide  of  rliodiura;  also 
hydrated  basic  peraraeniat-e  of  iron,  hydi^tod  autimonite  of  cobalt,  hydrated 
antirnoniate  of  cobalt,  bydrat«d  antimoniate  of  copper,  and  eaxenite  (which 
chiefly  c-onsists  of  hydrated  tantalate  of  ytlria.)  If  thcsB  compounds  are 
hratol  mr^rely  to  the  point  at  which  they  part  with  all  their  water,  they  are 
ttflerwArdfl  nearly  as  soluble  as  in  their  hydrated  state;  but  if  by  stronj^er 
lientiu^  incandescence  has  been  produced,  they  are  afterwards  found  to  be 
uch  ItMis  soluble,  and  often  alter  in  colour,  Zireonia,  after  being  heatcil 
k  iotsiiidescence,  is  no  longer  soluble  in  any  acid  excepting  boiling  oil  of 
*triol;  oxide  of  chror(iiuni  after  ignition  is  of  a  palor  green  than  before, 
d  soluble  in  nothing  but  boiling  oil  of  vitriol;  ignited  peroxide  of  iron  ia 
•a  l»rd  and  aa  difficultly  soluble  as  micaceous  iron  ore,  which  is  cryBtallisted 
peroxide  of  iron.  The  abovemeationed  antinionites  and  antimoniates  are 
ID  their  origiaal  state  easily  decomposed  by  hydrochloric  acid,  btit  after 
ij^nitinn  tliey  resist  its  action  almost  entirely,  and  are  also  of  a  much  paler 
c«duur  than  before.  Hydrated  phosphate  of  magnesia  and  ammonia,  after 
b«iug  deprived  of  all  Its  water  and  ammonia  by  gentle  heat,  exhibits  incan- 
de9cenc«  when  more  strongly  heated.  The  game  appearance  is  preaenled. , 
by  tho  carburet  of  iron  which  rcniaina  in  the  distillatory  apparatus  after 
^Dtty  heating  prussian  blue  or  protocyanido  of  iron. 

Ga<l(diDite  (Kilicate  of  yttria)  whose  conchoidal  fracture  and  obsidiao- 
like  appearance  testify  sufficiently  to  Jta  amorphous  structure,  (although 
•ame  persona  have  fancied  that  they  could  discover  a  crystalline  structure 
in  it,)  exhibits  vivid  incandescence  when  moderately  heated;  it  sustains 
thereby  no  loss  of  weight,  but  ia  afterwards  found  to  dissolve  but  very 
imperfectly  in  hydrochloric  acid  even  after  several  days'  boiling,  althougk 
before  ignition  it  is  very  cafiily  solublr-.  According  to  Kohell  {J.  pr.  CJiem, 
1,  fll),  iti  «pecii5o  gravity  increases  by  this  change  only  from  4'25  to  4'31. 
Tb.  Schcrer  also  (l^offt/'M,  493)  obser^'od  in  thegadoliniteof  Ytterby  but 
a  very  trifling  increaao  of  specific  gravity,  but  he  attributes  this  circum- 
stjiore  to  the  [tartlally  distingrated  and  impure  condition  of  the  mineral;  for 
(-7)  giidoliuitc  from  Hitterifin,  ('/}  orthite  from  Fille-Fjeld,  and  (e)  allanite 
•'■'•'  .lotun-Fjeld  (mdiich  two  mincrule  have  nearly  the  same  coinposition  as 
initc)  shoivt!<l  after  ignition  considerable  increase  of  density;  the  sp.gr. 
r  uicrrnscd  from  43.5  lo  4-63,  giving  a  condensation  of  lOOO  to  ii395; 
t  of /»  from  3'B5  to  3-04,  therefore  condensation  —  Et264;  and  of  c  from 
54  to  3  76,  thoreforo  condensation  —  0417-  The  quantity  of  water 
lost  by  a  wa«  018  per  cent.j  that  lost  by  b  and  c  was  greater.  At  tho 
c'timo  /J  lost  by  ignition  ita  black  colour  and  opacity,  becoming  botlle- 
ti  .and  trttiislnccnt.  Scherer  endeavours  to  explain  the  increase  of 
ily  bv  iinpposing  that  the  spherical  atoms  are  at  first  disposed  one 
aolher  in  such  a  manner  that  each  spherule  rests  upon  two  others 
t,  and  that  th©  atoms  after  being  boated  are  so  displaced  that  each 
them  rc«t«  anon  three  below  it;  this  would  ffive  a  condensation 
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Perbaps  tiao  the  fact  of  gypsum  debjdratcd  hy  gentle  heat  becoming 
hard  when  mixed  with  water,  and  the  n  on -product!  on  of  this  effect  if  th 
gypsum  has  been  strongly  burnt,  may  be  explained  by  sopjiosing  that  tfali 
Bubstanco  when  deprived  of  its  water  by  a-  moderate  beat  is  in  the  amor- 
phoua,  but  after  strong  ignition  in  the  crystiilline  state, 

b.  Difurencet  in  the  properties  of  eompoundt,  probably  arising  from  Ae 
diferent  grouping  of  the  Simple  Atoma  which  ni<ikc  up  a  compvund 
atom. 

In  considCTing  the  different  properties  of  compound  bodies  resulting 
from  dimorphism  and  aniorphigiii,  the  structure  of  the  compound  atouia 
biu  been  supposed  to  continue  unaltered,  nnd  the  occurrence  of  thi$  of^ 
that  ciyetalltne  form,  or  of  the  nmorphous  state,  to  depend  soldy  on  the  ■ 
manner  in  which  these  compound  atoms  arc  arranged  anioni^st  themseh'ea. 
Hence  it  follows  that  these  dimorphous  and  amorphous  eoiiditions  may 
occur  in  simple  bodies  ako,  since  simple  atnms  a.^  well  as  compound  onet 
may  be  disjwscd  among-tt  themselves  in  various  ways, — moreoter  that 
theflc  several  conditions  (witti  perhaps  some  exceptions  requiring  further 
investigation)  may  Ui  destroyed  by  fusion,  evaporation,  or  solution  of  the 
solid  body  in  which  they  exist;  and  it  will  then  depend  upon  circum- 
stances in  what  particular  state  the  body  will  resume  its  solid  form. — 
But  it  is  otherwise  witb  the  differences  now  to  be  considered,  tbe  cause  of 
which  we  Ghatt  a,!^uine  to  bo  that  the  munner  or  number  in  which  simply 
atoms  combine  to  form  a  compound  atom  may  differ  in  different  eu!i- 
etauce^.  It  is  easy  to  see  that  the  various  conditionis  hereby  produced 
can  occur  only  in  compound  iiodio«,  and  may  remain  unaltered  by  the 
passage  of  a  body  from  the  solid  to  tbe  fluid  state  or  vice  versa;  for  tho 
compound  atoras  once  constructed  in  this  or  ttat  |iarticular  way  may, 
without  disturbance  of  internal  structure,  form  fluid  compounds  with  beat 
or  with  ponderable  solvents.  With  this  difference  of  grouping  of  simple 
atoms  in  the  formation  of  compound  atoms  are  connected  mnuy  striking 
differences  not  only  in  the  physical  properties  but  also  in  the  chemicu 
relations  of  tbe  bocliea  concerned. 
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When  two  or  more  compounds  which  exhibit  different  phveical 
chemical  rclationSj  are  so  constituted  that  their  compound  atoms  must 
contain  the  same  elements  combined  according  to  the  tame  numbers  of 
simple  atoms,  and  there  is  no  ground  for  supposing  that  their  proximalo 
elements  ai'e  of  different  natures,  these  compounds  are  said  to  be  ttomeric 
(using  the  word  in  ite  narrowest  sense).  It  is  supposed  that  the  8impto 
atoms  which  form  a  compound  atom  are  put  together  in  diffcrcjjt  wavs. 

Many  of  the  compounds  formerly  classed  under  tbia  bead  arc* now 
regarded  as  polymeric;  it  is  only  with  regard  to  pLosphoric  acid,  tcllu- 
rou9  acid  and  telluric  acidj  peroxide  of  tin,  and  tartaric  acid,  that  isomeric 
conditions  are  at  present  recognized;  and  even  these  bodies  may  witb 
more  or  less  probability  be  regardeil  ns  polymeric. 

Phosphoric  acid,  P  0',  exhibits  the  three  isomeric  states  of  ordi- 
nary, pyro — and  meta-phospboric  acid.  Among  tbe  many  diversities 
exhibited  by  these  three  acids,  the  nio^t  remarkable  is  thut  they  satti^ 
rate  different  rjuantities  of  a  salifiable  ba«e.  P  0'  in  tbe  state  of  enrdi- 
uary  pboNplioric  acid  isatunites  3  atoms  of  a  b.ise,  in  the  state  ofpyrophos. 
pyloric  is  situntea  2  atoms,  and  in  the  state  of  metaphuspLoric  acid  only 
1   atom.     If  1   atom  of  P  0*,  in  whichever  of  the  three  states  it  may 
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1  to  he,  ia  ignited  with  tltree  iifoms  of  any  ba.<;e,  soda,  for  iusUnee, 
Mil  oriinarv  [jhospbate  la  proJuced;  but  wlioti  P  0^  is  ignited  with  2  atoma 
of  fnxla,  tlic  result  is  a  pjrnpljosfiLate,  anil  with  1  atom  a  metupboe- 
phat^.  By  long  digestion  ot  boiling  witb  a  targe  qniantity  of  water, 
vhicli  iiaiiU  acta  as  a  base,  tli*)  pyrophosphates  and  metjipliosphatea  are 
converted  into  ordinary  phosphates.  Ttie  particular  quantity  of  base  with 
vLtch  P  0^  18  in  contact,  seems  tbcii  at  certain  bJgb  temperatun^s  to  affect 
tbr  tuanner  in  which  1  atom  of  pliosphurus  arrapge^  it-iclf  with  respect 
to  5  utuuas  of  oxygen,  i>o  that  ilte  compound  ia  capable  of  mituratiug 
cotnetinietj  3  atoms;  of  a  base,  sometimed  2,  and  sometimes  only  one.  If 
wo  would  explain  these  remarkable  relations  of  phosphoric  acid  first  dia^ 
covered  by  Graham  on  the  hypothesis  of  Polymer i am,  wc  might  consider 
ordinary  pho&phorie  acid  as  P  0',  pyropbosphoric  acid  aa  P-  0'",  and 
Tnetapbosphoric  acid  as  P'  0";  then  P  0*  woald  isattirate  three,  P'  0" 
fonr,  anil  P'  0'*  three  atonia  of  a  base.     {Vid,  Phosphorus.) 

In  the  caae  of  tellitrous  acbl,  Te  0',  a  mure  soluble  modification  A 
and  a  less  soluble  modification  B  aro  to  be  distinguished:  the  latter  is 
produced  by  the  action  of  nitric  acid  upon  A,  and  i^  again  converted  into 
A  by  fusion  with  canatic  potash.  Telluric  acid,  To  0',  exhibits  two  modi- 
fications perfectly  similar  to  the  above;  the  more  soluble  of  the  two  is 
cotJirerted  into  the  less  soluble,  when  two  or  more  atoms  of  it  are  fused  witb 
one  atom  of  potash;  this  is  analogous  to  the  transformations  of  phosphoric 
acid  above  noticed.  If  these  compounds  are  regarded  as  polymeric,  they 
noKt  be  supposed  to  exJEt  as  Tc  0^  Te*  0',  Te  0'  and  To*  0'.  {Vid, 
Tellarium.) 

AntinionionB  and  antimonic  acid  may  possibly  pass  from  one  each 
modification  to  the  other  when  their  salts  are  ignited. 

Peraxldc  of  tin,  when  precipitated  by  caustic  alkalis  from  a  solutioB 
of  the  bichloride,  is  much  more  easily  Bulnble  in  acids  than  the  aaomaloua 
vmnety  of  it  produced  by  the  action  of  nitric  acid  upon  nictallic  tin;  the 
tt*^  when  dissolTcd  exhibits  also  very  different  relations.  Possibly  the 
lubte  oxide  may  be  Su  0*  and  the  anomalous  variety  Sn'  0'. 
Among  organic  compounds  the  foUowiug  may  be  regarded  as  ii^ome- 
nc:  Tartaric  and  raccmic  acid  (C^  H~  O^); — mucic  and  poramucie  acid 
(O  H'  O^);— maleic  and  pammaleic  acid  (C'  H  CP). 

Two  or  more  compounds  possessing  difiPercnt  physical  and  chemical 
ptOfiW'tiee,  and  composed  of  the  same  elements  in  the  same  proportions 
ue  mid  to  bo  polymeric,  when  their  ditferences  may  be  explained  by 
aappouDg  that  their  compound  atoms  contain  different  numbers  of  simple 

M,  %*arying  however  in  such  a  maaner  that  the  numerical  ratio  of  the 
rcral  kipdfl  of  simple  atoms  remains  unaltered.  If  for  eiEample  one  of 
^  group  of  polymeric  compounds  contains  1  atom  of  a  substance  A  and 
3  atoms  of  a  substance  B,  theu  the  second  may  contain  2  atoms  of  A  and 
0  alonu  of  B,  the  third  3  atoms  of  A  and  9  atoms  c>f  B  and  so  on.  Tn 
ftMb  oMea  the  i*eiglit  of  the  compound  atom  varies,  but  the  proportions 
betwecTi  its  elements  remains  the  same. 

B<*sidos  the  instances  mentioned  under  Isomerism,  which  ought  all 
p«rliap«  to  bo  iiicliidcd  under  this  head,  the  following  umong  organic 
oomhiiiatinns  must  be  particularly  noticed, 

P<i]v""cric  compounds  all  containing  1  part  of  hydrogen  united  with 
(t  ptvrtw  of  carbon.  an>l  therefore  containing  C  H:  Olefiant  gas,  the  mor 
Tolatilo  oil  of  oil-gHB,  rock-oil,  eupion,  oil  distilled  from  bees'-wax,  caont* 
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clioneine,  beveene,  oil  of  wine,  stearoptin  of  nil  of  romi,  paialEa,  ceiittB,     _ 
&c.     Olefiant  gaa  is  probftMy  C*  H',  cetlne  C"  H«*.  M 

Benzitij  oilgaa-cami.thor,  and  echeererile  are  C  H.  ^M 

The  oUs  of  turpentiaej  juaiper,  oopatba,  kmons,  and  black  pep|)er  *M 
C»H'. 

Napbtbaline  and  paranaphtbalint-  are  C*  H'. 

Idrialine  and  Vogel's  amlwr'Carapbor  aro  C  H. 

Metbjrlio  etber  \s  C'  H»  0;  alcoligl  C  H«  0'. 

Cyanogen  is  C*  N,  parucyanogen  probably  C^  l»*. 

Cyanie  acid  is  C*  N  O,  fulminic  aoid  probably  C*  N*  0*,  eyanuric 
acid  C''  N'  0'. 

Volatile  cbloride  of  cyanogen  b  C  N  C1»  tbe  fixed  chloride  profmbly- 
C  N*  CI*. 

^.  ifetamerum. 

Tbis  term  is  applied  by  Berzellua  to  ibe  case  in  wbicb  tbc  compoi 
atoms  of  two  chemical  compounds  containing  the  same  elementary  tilun 
and  for  tbe  roost  part  in  tbo  same  proportione,  are  nevertbcles*  mad^ 
of  different  proximate  elements.     According  to  tbia  definition  metamerie 
bodies  muat  alwaye  belong  to  the  higber  orderfi  of  eompounda.     In  some 
cases  one  only  of  tbe  bodies  concerned  ia  a  conipoimd  of  a  higher  order. 

It  18  only  aoMiug  organic  bodies  tbat  metamerie  ctimpuunds  oecur.    Th« 
following  are  ibe  moet  important:^ 

C    H    0  OHO 

Acetic  acid 4     3     3         Formic  acid 2     13 

Water 1     1         Alethylic  etber. 2     8     1 

Glucial  acetic  acid    ....  i     4     A         Fonniate  of  metbylio  etber  4     4     4 

Formic  acid 213        Acetic  acid 438 

Etber 4     5     1         Metbylic  etber 2     3     1 

Formic  etber   ............  6     6     4         Acetate  of  methy lie  etber     6     4     4 

Formic  etber  and  acetate  of  methylic  ether  have  tbe  same  speoifie 
gravity  wben  in  the  form  of  vapour,  and  nearly  tbe  same  specific  gravity 
and  boiltui;  point  wben  in  tbe  liquid  state:  but  in  other  respects  they  are 
totally  different;  tbe  former,  wben  treated  witb  caustic  potasb,  is  resolved 
into  mrniiate  of  potash  and  alcubol,  tbe  latter  into  acetate  of  potti&b  and^ 
'woml -spirit.  ^M 

The  differences  between  tbe   several    cotnponnds  pro<laced  by  the'^ 
action  of  aulpburic  acid  upon  alcohol,  vls!.  sulpboviaic  acid,  etbionir  aeid, 
isethionic  acid,  &c.  are  probably  dependent  on  metamerie  conditions. 

\¥ur  some  examples  adduced  by  Laurent,  vii/,  Attn.  C'him.  Phjf$.j 

Aldeliyde  is  C*  H*  0',  and  its  vapour  weighs   ISSlTj  acetic  oth«r|^| 
which   18  composed  of   acetic  acid  (C'  H'  0*)  and  etber  (C*  H'  0')  is 
C  H"  0';  and  both  its  atomic  weight  and  tbo  spec.  grav.  of  Its  vapour  are 
twice  as  great  as  those  of  aldehyde. 

When  cyanic  acid  is  mixed  in  the  cold  with  aqneone  Botution  of  am- 
monia, cyanate  of  aramonia  is  produced,  aa  proved  by  the  fact  tbat  the 
liquid  yields  cyanic  acid  when  treated  with  liulpburic  acid,  and  ammonia     ^ 
when  treated  with  potash.     But  warming,  or  even  «jroiitaneoiis  evaponi-^| 
tioDj  ia  AufBcient  to  convert  tbo  salt  into  area,  which  does  not  exliibit^| 
these  rcaotioua  with  ettlphurio  acid  and  potasb.     Urea  is  C*  N'  H*  O*;  tbo 
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Mttie  mtouiB  voold  give  1  atom  of  cy&uate  of  ammonia  and  1  atom  of 
water,  rh.,  N  H^,  C*  N  O,  H  O.  Cyanate  of  ammonia  ia,  therefore,  oon- 
Torttid  into  area  merely  hj  a  change  la  tlie  arrangement  of  its  atonu. 

IV.  Decomposition  op  Cuemical  CoMFomfDe. 

Sv«r]r  chemical  compound  may,  as  far  as  wo  know,  bo  resolved  into 
II0  eUaienta.  Nerertheless  it  ia  posaiblo  that  maay  subatancea  hitherto 
WtdBeompoeed  may  be  comjioundf  of  so  intimate  a  nature  that  they  have 
apBStad  all  attempts 'wbicli  have  as  yet  li^eu  made  to  (leeoro])ose  them. 
Tbe  nsolutiun  of  a  chemical  compound  into  ita  elements  is  called  Dec&ra- 
fOmUm;  the  compound  is  said  to  be  decompmcd;  it  ia  resolved  into  hete- 
rageiMOita  flnbstancea,  which  might  be  called  Decompotition-^bsfancts. 
(Z«net£tiiig»'Stoffe. )  These  are  either  Educls  or  Products  ol  Aecaxafosi- 
tian.  They  are  called  educts  when  they  exiet  in  the  compound  before 
dMMIl{K)eition,  and  form  part  of  it ;  products,  when  they  tire  generated 
Aring  decomposition.  Carbonic  acid  which  is  disengaged  by  the  action 
sf  hydrochtoric  acid  upon  carbonate  of  lime,  is  an  oduct;  but  the  same 
•eid,  when  evolved  by  beating  charcoal  with  red  oxide  of  mercury,  ia  9, 
product.  Products  are  always  compound  bodies;  edticts  may  be  either 
simple  or  oompound, — the  latter,  when  tbe  decomposing  body  (e.^.,  car- 
bonate of  lime)  oontaina  proximate  as  well  as  ultimate  etements.  Accord- 
ing to  the  mode  of  decnmpoaition,  Bometimea  only  educts  are  obtuioed 
iwator  decomposed  by  tho  electric  current),  eonietimes  only  products 
mtxar  decomposed  by  phoi^phuret  of  caloiam),  sometimes  both  together 
wat«r  decomposed  by  potassium). 

1,  Condiiiona  o/Ckepiical  Dee&mpontion. 

Ta  order  that  a  compound  may  be  decomposed,  the  forces  which  hind 

its  clenients  together  must  bo  overcome  by  stronger  forces.     The  greater 

Dinuber  of  decompositions  are  brought  about  by  the  action  of  strongt^r 

■flintUAS;  othernatural  forces  may,  however,  concur  in  producing  the  e/Tect. 

A.  No  chemical  couiliiuation  of  {touderable  bodies  can  be  overcomo^ 
by  prature:  but  compouiida  of  ponderable^  with  impoudeniblesji  as  heat, 

My  be  decomposed  by  that  kind  of  force.  Wat«r  may  be  pressed  out  of 
^mooge,  a  proof  that  pre&sure  can  overcome  combination  produced  by 
'~  ion :  hut  the  strongest  pressure  fails  to  separate  water  from  gypsum 
1  Otbm  salts  containing  water  of  crystallization,  provided  tho  teiupera- 
tnra  does  not  rise  to  the  melting  point  of  tho  salt.  It  lia4i,  indeed,  been 
affirmed  that  lead  amalgam,  and  some  other  amalgams,  give  up  a  portion 
of  iheir  combined  mercury  when  subjected  to  pressure;  but  the  mercury 
tiius  presseti  out  is  only  that  which  is  in  excess,  and  remains  in  the  litjuid 
ctato  adhering  to  the  particles  of  tbe  solid  compound.  On  the  other 
^dJ,  vapour  of  water  is  resolved  by  pressure  into  tii:|uid  water  and  heat: 
|Mriui[Mi  abo  the  development  of  heat,  light,  and  electricity  by  presiin^j 
ADii  nibbing  various  substances  is  an  effect  of  a  similar  nature. 

B.  GtavUaii&n. — When  a  light  and  a  heavy  suhstaiice  are  contained 
in  a  fluid  comiKinnJ,  it  might  be  supposed  that  after  long  standing  the 
former  would  settle  at  the  top  and  the  latter  towards  tbo  bottom,  so  that 
eri'n  if  complete  separation  did  not  take  place,  the  upper  part  of  the  fluid 
would  bo  hollar  in  the  lighter  material,  and  the  lower  in  the  heavier:  no 
•och  effect  however  is  actually  observed. 

It  is  •aid  lliat  in  the  vessels  used  to  hold  the  concentrated  liquid  of 
mlt-w»rk»|i  ihd  iipp«r  portions  are  foimd  to  be  less  rich  iu  salt  than 
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the  lower.  Since,  however,  these  ressels  are  not  »1w»jb  filled  with  one 
and  the  same  liquid,  but  are  chargeJ  from  time  to  time  with  solutions  • 
T&riooa  degrees  of  strength,  the  less  concentrated  pnttiotis  dispose  then 
selves  above  the  more  concentrated,  and  the  liquor  being  left  at  rest,  unf 
form  mixture  does  not  take  jilnte  for  a  long  time.  Similarly,  bmndy'] 
kept  in  casks  is  said  to  contaiu  a  greater  projKirtioD  of  spirit  in  the  uppc-q/ 
and  of  water  in  the  lower  part.  Here,  again,  the  questioo  may  be  rai& 
-whether  the  caak  has  not  been  filled  with  snceesslTB  portions  of  brandj  i 
diflerent  strengths,  which  have  disposed  tbemeelTca  in  layers  one  aUoi 
tlie  other.  Leblanc  {J.  Phttn.,  33,  376)  found  that  if  in  a  saturated  sola 
tion  of  auy  rait  crystiLb  of  the  Kimc  ealt  are  placed^  some  in  the  opn 
fiart  of  the  liquid  and  others  at  the  bottom,  the  fomier  g^radually  dissolv^l 
while  the  hitter  increase  in  the  same  ratio,  and  ultimately  the  cryetalvi 
at  the  lK.ttom  of  the  liquid  decrease  at  their  upper  and  increase  at  thtir 
lower  part.  This  effect  is  attributed  by  BcrthoUet  {Stat.  Chtm.  1,  49.) 
to  a  sinking  of  the  particles  of  the  salt  by  their  own  weight;  it  taay, 
however,  without  difficulty,  be  e\]>tained  by  observing  that  the  uppcr^ 
ita  of  air  surroumling  the  vessel  are  warmer  than  the  lower,  and,  coj 
juently,  that  the  npj>er  portions  of  the  liquid  become  warmer  than  th 
lower,  and  di«:i<olve  the  ^It  immersed  in  them :  hence  these  ]>ortioDs  of 
the  liquid  become  heavier,  and  sink  t-o  the  bottom,  where  they  become 
cooler,  and  deposit  part  of  their  salt  in  crystals.  Lastly,  it  is  vi-ry  diffi- 
cult to  obtain  flint-glass  of  perfectly  uniform  coDstitutiou;  the  lower  part 
is  generally  much  richer  than  the  upper  in  oxide  of  lead.  But  thi^,  again, 
diii-g  not  prove  the  sinkiflg  of  the  heavier  material  out  of  a  perfectly 
homogeneous  mixture.  For  when  a  mixture  of  oxide  of  lead,  alkali,  and 
silica  is  heated,  the  oxide  of  lead  melts  first,  and  sinks  before  it  has  en- 
tered into  uniform  combination  with  the  other  ingredients.  Thete  latter 
eubecquently  melt:  but  since  liquids  of  different  specific  gravities  mix  but 
slowly  when  at  rest,  and  in  this  case,  moreover,  the  great  viscosity  uf  th6 
melted  mass  presents  a  further  obstacle  to  the  mixture,  utiifomiity  can 
only  be  produced  by  repeated  and  careful  stirring.  But  when  this  end 
bos  once  been  attained,  it  is  probable  that  the  gla^s  will  continue  nnifortn, 
even  wheu  kept  for  a  long  time  in  a  gtste  of  fusion.  That  such  is  tho 
case  appears  from  Faraday's  directions  fur  the  preparation  of  flint-gla^; 
as  also  from  the  statement  of  Frauenhofer,  that  he  obtained  a  niasa  of 
flint-gla^  weighing  400  lbs.,  of  perfectly  uniform  constitution  throughouL 
Now,  when  we  consider  the  long  time  which  such  a  mass  would  occupy 
in  cooling,  such  a  result  could  scarcely  be  credited  if  it  were  admitted 
that  oxide  of  lead  could  sink  to  the  bottom  of  a  mass  once  obtained  Iq  a  » 
atate  of  uBtformity.  ^ 

C,  Cohesion  appears  to  exert  a  much  more  decided  infiacnoe  on  tli«t^| 
decomposition  of  chemical  compounds,  at  least  of  the  less  intimate  kind.         ' 

The  hitherto  received  theory  on  this  matter  is  as  follows.  When  & 
solid  body  dissolves  in  a  liquid,  the  cohesion  of  the  solid  acts  in  opposi- 
tion to  the  dissolving  power  of  the  fluid  ;  the  two  forces  tend  to  equilibrate 
each  other;  and  in  proportion  as  the  fluid  takes  up  more  and  more  of  the 
solid,  its  tendency  to  dissolve  a  further  quantity— or,  in  other  wnrds,  ita 
affinity  for  the  solid — dimiuiahes  and  ultimately  becomes  no  greater  than 
the  cohesion  of  the  solid  or  the  tendency  of  ita  particles  to  remain  united 
•inoQ^t  themselvcs.-^and  then  the  prooeas  of  solution  stops.  Bnt  the 
coheaioQ  of  a  solid  body  is  generally  diminished  by  elevation  of  tempera- 
ture; consequently,  when  the  fluid  is  heated  up  to  a  certain  point,  a  fur- 
ther solution  UBimlly  takes  place,  till  by  •'  *    ~*w  addition  of  th< 
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bod jr  I  br  ft  Si  nit/ of  the  fluid  for  it  ifi  so  far  (liniinisheil  tliat  equiUbiium 
betwucn  that  faree  aD<l  the  colicsion  of  tbc  eolitl  is  again  estiihlished.  If 
no«r  ft  Bolation  thas  saturated  while  warm  be  cooled  down  to  its  former 
temperature,  tlie  solid  body  regivins  its  Qriginnl  cohetilvo  power,  and  a 
portion  of  it  separates  from  the  fluid  in  order  to  uuitc  in  larger  nod 
■«iially  crystaJlioo  masses,  the  qaojitity  remaining  in  snlutiun  boing  onlv 
just  eo  much  as  the  (luid  would  directly  have  taken  up  s.t  this  lower  tern- 
penitare.  This  separation  is  called  Spontaneous  or  Falne  Predpitution, 
PnTciiiitaiio  ipottlanca,  in  so  far  as  it  takes  pWo  without  the  addition  of 
ft  foroijfu  fiody  to  the  solution. 

This  precipitation  by  cooling  is  exhibited  by  the  soluticina  of  moat 
Bftlts  ia  water  and  aleoholj  of  many  kinds  of  canipljor  and  fat  in  alcohol 
sad  ether.  Sec.  Aqueous  solutionis  eontaining  excess  of  water  often  when 
eoolod  hi'low  i)°  C,  deposit  a  portion  of  the  water  m  tlic  form  of  ice,  tho 
rvmniniiig  liquid  being  a  concentrated  solution  of  the  &atl: ;  for  at  low  tcm- 
perstares  the  cohesion  of  ice  may  overcome  its  aJfinity  for  the  salt. 
VVktreas:  therefore  a  saturated  solution  when  cooled  deposits  salt,  so  oa 
iW  other  hand  a  dilute  solution,  when  ita  temperature  ia  sufficiently 
lic<lucc<i,  yields  ice.  La.-^tlv,  a.  saturated  .folutioD  of  comitioa  salt  solidifies 
ftt  —  20'^  C.  to  a  mixture  of  ice  and  couniion  salt  containing  water  of  crya- 
t*IIi»i.tiot).^-t;iacial  acetic  acid  solidificB  at  +  l.'J'C.  (jO^Fah.);  a  mii- 
iiire  of  this  substauce  with  ^  water  deposits  glacial  acetic  acid  at  a  lower 
temperature,  the  remaining  liquid  being  a  compound  of  glacial  acetic  acid 
with  water;  when  the  quantity  of  water  is  somewhat  greater  nothing 
loltiiifies;  when  it  Is  still  greater,  part  of  it  freezes  leaving  a  more  con- 
onitratcd  acid  behind.  WLen  the  mixture  of  glacial  acetic  acid  with  ^ 
water,  Inistcad  of  being  cooled,  is  subjected  at  15°  C.  to  a  pre?snro  of  1 100 
alniospheres,  -J  of  it  crystallizes  in  a  few  minutes  in  the  form  of  glacial 
acetic  acid.  (Perkins,  Scitw.  30,  161.)  It  appears  from  this  that  increased 
pr«e*iure  has  the  same  effect  as  cold  in  increasing  cohesion. 

TLe  following  are  exceptions  to  the  law  just  considered.  Some  solid 
brMlicy,  as  time  and  citrate  of  lime,  are  more  soluble  in  cold  water  than  in 
but;  »o  that  a  solution  of  either  of  them  saturated  in  tlio  cold  becomes 
turbid  wlien  wanned,  and  clear  again  on  cooling.  If  to  a  solution  of 
chloride  of  calcium  or  nitrate  of  liiuo  in  absolute  alcohol,  there  he  addoil 
an  mocb  ether  an  will  tbrow  down  only  a  portion  of  either  nf  these  salts, 
the  uiixture  of  alcohol  and  ether  will  become  turbid,  even  to  opacity— 
frftni  prpcipitation  of  the  liniesalt  still  remaining  in  solution^ — every  time 
l!i  ■  warmed,  if  only  by  the  hand,  but  will  regain  its  transparency 

oi'  J    (Dobereiner,  Ann,  Pharm.  14,  2-19.)     A  solution  of  caustic 

potAob  in  water  dissolves  in  the  cold  a  large  quantity  of  tartrate  of  lime; 
tbc  clear  solution  coagidales  to  a  pasty  mass  when  heated,  but  becomes 
cl4>nr  and  fluid  again  on  cooling.  (Lossonne,  Osann.) — The  solubility  of 
Glaulier's  a.iH  in  water  increases  rapidly  with  rise  of  temperature  up  to 
33"  (.'12'  Foil),  but  diminishes  when  the  temperature'  is  raised  abovo 
tliiit  point ;  water  satursited  with  Glauber's  salt  at  33",  yields  hydrated 
cryptals  when  cooled,  and  anhydrous  crystals  when  further  heated. 

Similar  anomalies  occur  in  eotutions  of  liquids  in  other  liquids. 
Couiio,  ngitated  with  water  at  ordinary  tempcnvtures,  takes  up  a  small 
portion  of  it ;  the  clear  liquid  becomes  turbid,  from  separation  of  water, 
I'Ttrv-  time  it  is  warmed  even  by  the  hand,  and  clear  again  on  cooling. 
(Gtiiger.) — Aniniln  disisolvcs  in  20  parts  of  water:  the  solution  becomes 
turliid  when  heated,  from  separation  of  aniniin,  which  is  rcdisaolved  on 
'  ■.  (rDTcrdorbcii.) — When  a,  solution  of  chloride  of  calcium  in  a 
-'.  I.  1 
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Mtiztnre  of  w^ler  »ttd  acetone  is  h«i(tte(i,  tho  B^wtone  eeparates  forming  « 
film  (»n  Uie  surface.  — (LicViifT  atid  Pelouite,  jinn.  Pharm.  19,  287.) 

Tho  folltfwinp  observatious  uf  Gay-Lussuc  {Ann.  Chim.  Phyg.  70,  407» 
aiiM,  J.  /v.  C/i'tn.  18,  193)  render  it  doubtful  whether  cohesion  plays 
important  a  jmrt  in  spontaneous  precipitations  as  has  been  hitherto  suj 
posed,  and  raiso  a  smspicion  that  this  kind  of  precipitation  is  aflTecC^  bv 
difftTence  of  temperature  in  a  manner  which  hiw  not  yet  Iwen  explained, 
Cctinc,  paralltn,  and  stearic  acid  rnelt  below  the  boiling  point  of  alcohol,' 
«  that  tho  quantities  of  thein  dissolved  in  that  liijuid  at  temperaturas  i 
which  they  nrc  solid,  can  be  compared  with  the  nuantitiea  dissolved  at 
tfimperatiires  at  which  they  are  HqniJ.     From  what  precedes  we  shoa[d| 
expect  that  these  bodies  would  be  much  more  soluble  in  the  melted  etalfl 
than  below  their  melting'  points,  because  tho  cohesion  of  a  .'?oliJ  body  i» 
much  greater  than  that  of  a  liquid.     But,  according  to  Gay-Lussac,  thft 
aolubility  of  these  substances  increases  regularly  &e    their  tetnj»«nitiif«l 
riBCB,  without  any  sudden  angmentation  at  the  melting  point.      G»y- 
Ltissac  theroforo  considers  that  their  solubility  is  unaflected  by  cohesion,^ 
and  determined  solely  by  temperature,     Bwlios  exhibit  the  aaine  r^latioDi 
in  dissolving  as  in  erapomting;  vapour  of  water  at  0''  liae  the  same  tett*. 
sioD,  whether  it  be  raiHod  from  water  or  frotri  it5e, 

D.  Some  experiments  aeem  to  show  that  the  feebler  chemical  combi- 
nations may  likewise  he  overcome  by  Adfi^sioti. 

When  vinegar  is  tlltered  throiijErh  pure  quartz>#aDd,  the  first  poriioa, 
of  li([uid  that  runs  through  is  robbed  of  almost  all  it£  acid,  and  tb?  vincgai 
doe«  not  pass  through  unchanged  till  the  sand  has  become  well  chargerf 
with  acid.      Potato-bianJy  diluted   with    water    and    filtered    through 
qaartc-saod,  yitdds  at  first  pure  water,  then  a  mixture  of  water  antil 
lilcohol  depriveil  of  it£  fusel -oil,  and  lastly  the  original  mixture  unaltered,  f 
VVood-«havitigs  also  at  &nt  deprive  vinegar  of  nearly  all  its  acid  ;  char- 
coal acts  still  more  powerfully.   (Wagcnmann,  Popiff.  24,  600.)     The  la 
two  eubetances  may  perhaps  act  by  affinity. — SSnimeriiig'a  experiment 
(yid.  Alcohol),  in  which  a  mixture  of  water  and  nlcuhol  enclosed  in 
bladder  yielded  on  evaftoration  scarcely  anything  but  water,  may  like 
wiao  fee  referred  to  the  same  class  of  phenomena,  provided  we  suppos 
that  the  water  is  taken  up  V»y  the  bladder,  not  in  consequence  of  atnnityj 
but  of  adhcBiou,  and  time  transferred  to  the  outer  surface,  where  it  evapt^I 
rat«8  into  the  air. 

E.  A  tuodo  of  decomposition  not  yet  completely  nnderetood  \s  thntl 
Mlted  Action  by  Contact  (action  Je  preBence),  or  Cafah/tic  action.     Theso 
t^rms  are  applied  by  Berzclius  and  Mit^scherlich  to  the  case  in  which  a 
solid  or  liquid  body,  when  brought  into  contact  with  a  compound,  excit«$l 
*  decomposition  of  that  compound  (Catatyais) — without  itself  undergoing 
any  alteration,  mochanical  or  chemica!, — or  at  all  events,  if  a  cheniicnl 
alteration    does   take   place, — witliout  entering   into   combination    with 
cither  of  thi>  elements  of  tbo  compound.     The  Coutact-sulwtance  or  Ciifa^i 
lytic  boifi/  awakens  by  its  mere  presence,  not  by  its  affinity,  the  slum  her- j 
in;([  affinities  of  tho  elomeqls,  and  causes  them  to  assume  a  new  arrangr-j 
ment  involving  more  complete  electro-chemical  neutralixation.     Berzelius  ' 
regarda  ontalytie  force  as  &  peculiar  manifestatiOB  of  electro-chemical 
Mtion, 

The  following  instaneeA  may  be  referMiI  to  this  mode  of  action.  In 
pnrnxido  of  hydrogen,  11  0',  the  second  atom  of  oxygen  is  retainod  by  a 
very  feeble  aflinity  only,  and  escapes  witJw,  '''cfvescence  even  at 

ordinary  tomperatarc«,  *  Many  metok  urf^  ^r  when  broQght 
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ia  the  (lAte  of  powder  in  contact  witli  this  Ii«]ni(l,  pro4nce  a  violent  dia- 
•ngsvfwpnt  of  oiypeu  gas  without  themselves  takitijr  up  oxygen  or  suf- 
frring  noy  otlier  alteratitm,  excepting  that  some  oxide?,  as  that  of  silver, 
p«rt  with  their  own  oxygen  ai  the  same  time.  This,  according  to  Ber- 
leltas,  is  a  case  of  catalytic  action.  Tha  following  explanation  (vy  Lichig 
ia  moro  proLnblc  (Ann.  Pharm.  2,  22).  Pulvemlcnt  ami  angular  bodies 
MXjelorale  the  disengagement  of  a  ^?  absorbed  hy  a  liquid  (vid.  Heat); 
Ihoy  likewiRc  Rxert  this  at'liDn  on  peroxide  of  hydrogen;  tht.^  rapid  e^cupe 
ttf  gas  prodncea  a  rim  of  tenjperaturo,  and  tliis  agnin  accelerates  tfiO 
disengagement  of  gas, — and  thus  these  actions  continue  to  augment  each 
otber  iu  intensity  till  the  effervescence  amounts  to  a  slight  eiplosion. — 
The  following  docompgiiilions  are  also  regarded  aa  catalytic.  The  rapid 
J,. —  — '  •  :«ioii  of  the  aqueous  solution  of  ujtroaulphato  of  ammonia  into 
ti:  le  gas  and  sulphate  of  ammonia  (which  also  takes  place  slowly 

by  u-vii^  i.ty  the  action  of  Bpongy  platinum,  oxide  of  silver,  ifec. ; — the 
fepaj^tivii  of  pcrsnlphuret  of  hydrogen,  S*  H,  into  sulphuretted  hydrogen, 
H,  wbieh  escapes  as  gas,  and  anlphur  which  remains  behind,  by  contact 
*  H  alkalis,  chloride  of  calcium,  &c.; — the  resolution  of  alcohol  into 
clh«r  and  water  by  the  action  of  sulphuric  acid; — that  of  sugar  dissolved 
{n  wftt«r  into  carbonic  acid  and  alcohol  by  formentis;— the  conversion  of 
alcohol  info  acetic  acid  by  ferments; — the  conversion  of  starch  into  sugar 
by  dilute  sulphuric  acid  or  by  diastase; — tho  couvernioa  of  urea  dia- 
Ivwi  in  water  into  carbonate  of  ammonia  by  tho  action  of  animal  nincna; 

$*r  tkeft  mhsioniYS.) — But  tho  mode  of  actioa  in  these  transforniit- 
tious  aometimes  admits  of  other  explanations;  and  when  this  is  not  tho 
caac,  our  coucfrption  of  it  is  by  no  incnus  anfficiently  clear  to  justify  the 
|K>eitivo  assumption  of  this  so-called  contact-action  or  catalytic  lorcej 
which,  aflcr  all,  merely  Btat«s  the  fact  without  explaining  it, 

F.  .In«t  Its  a  body  in  the  act  of  combination  may  induce  another  to 
into  combinahou  at  tho  samo  time  (page  f}S),  sq  likewise  a  com- 
In  the  act  of  decomposition  may  impart  this  decomposing  activity 
Uier.     How  and  wherefore)  wo  are  unable  to  explain. 

When  peroxide  of  hydrogen  by  contact  with  oxide  of  silver  gives  up 
itB  aecond  atom  of  oxygen,  it  likewise  induces  the  oxide  of  eilver  to  part 
witli  »t«  oxygen.  Vinous  femientatton  may  be  explained  consistently  with 
tbin  view  by  suppoaiog  that  the  decompoaing  ferment  brings  the  sugar  into  a 
Mknit:  of  ih'CotniKisition)  and  the  sugar  is  then  resolved  into  carbonic  acid  and 
alothoL  A  similar  explanation  may  be  applied  to  the  decomposition  of  urea 
into  carbonic  acid  and  ammonia  by  animal  miicus,  of  aaparagin  into  as- 
p  i  -  •  '  ■■  nnimonia  by  yeast,  and  of  aniygdatin  into  hydrocyanic  acid  and 
t.'.  icla  of  decomposition  by  the  action  of  yeaat  and  sugar  (Licbig). 

ii.    i  iiu  vital  furcc  of  plants  and  animuts  likewise  exerts  a  decomposing 
ion  on  chemical  compounds. 

The  most  reuiiirkaClu  instance  of  this  Is  the  action  of  lig-ht  on  tha 
grwn  j)art«  of  pJatits,  eaiiaiug  them  to  decompose  carbonic  acid  into  oxygen 
u>d  oarbiin,  ihi'-  l.tttcr  of  which  etementa  (jombines  with  the  hydrogen  and 
ftjtycnti  i>f  the  vegetable  juice  producing  numerous  organic  compounds. 

JI.  But  thrj  m<j.'-t  numerous  and  important  decompositions  of  chemicai 
«wnt><>niid''  tire  (btise  which  are  brought  about  by  tho  action  of  other 
I.  ■/'  a^nity  produces  new  compounds  at  the  same  time 

tl.  -Id  ones.     For  the  production  of  these  decompositions 

I"'  ii)H9  are  required  as  for  the  furmalioti  of  chemical  com- 

ii'  _  <));  vin,  inimediatc  contact  and  tho  fluid  state,  at  least  of 

•M  «f  tlw  liudjcit  concerned, — wlit;uce  fusion  or  vafiorl^aiion  by  elerateii 
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t«iiip«rat(irfi  is  oft*a  a  necesBary  pr^itninnrj'; — nnd  a  dUtinetion  nnist 
made  between  dec^>mposUwn  in  the  wet  vra>f  atiJ  dtcompo$ition  in  (Ae  JM 
uiay. 

Here  also  in  some  cases  tlic  Jlnld  state  is  not  ess^'iitial.     TIios  Yimi 
decomposes  sal-ammoniac  wben  tba  two  bodice  arc  ruU^ed  together  in  tl 
dry  state  at  ordinary  tetHperaluros;  and  common  salt  decompi>Bes  sulpha 
of  mBrcury  at  a  terapcr.iture  below*  fusion.     Borax  also  ia  decumpoMd ' 
■when  rubbed  up  with  nitrate  of  lead,  nitrate  of  silver,  sulpbate  of  linc  or 
sulpthate  of  copper;  so  likevriso  is  crystnllized  chloride  of  barium  wbea 
rubbed  up  witli  nitrate  of  t»oda,  a  wet  mass  being  forme<l  by  the  separ 
ttou  of  the  water  of  crj5talLiza.tioti  of  the  borax  or  the  chloride  of  bariun 
A^ain  two  solid  substances  instduble  in  water  may  decompose  one  anotbc 
when  that  liquid  is  present,  provided  tho  product  which  results  from  tl 
decompositioD  is  Goluule  in  water;  e.g.  prussian  blue  and  chalk  or  oxidie  i 
mercury. 

On  the  other  hand  we  often  meet  with  this  anomaly — tliat  e\cn  when 
one  of  the  bodies  concerned  is  in  the  fluid  state,  decomposition  does  n« 
take  place  till  a  certain  qnautlty  of  water  has  bceu  added.     Thiti:  phenc 
mennn  may  in  many  ca.sca  be  explained,  according  to  Bracounoi's  vicwJ 
by  supposing  that  on  the  surface  of  the  solid  body  there  is  formed 
proiluet  of  decomposition  inaoliibic  iu  a  concentrated  acid  or  its  niixtnr 
with  alcohol, — this  product  therefore  forms  a  film  which,  though  very  thin 
is  iniper\'ioiiiii  to  the  liquid  and  prevonta  further  contact  between  the  acij 
and  the  solid  body;  but  when  iLjs  film  is  dissolved  by  the  addition 
water  the  decomposition  proceeds  further-     Whether  in  some  of  (he 
cases,  as  supposed  by  Wetzlar,  Schijubein,  and  others,  electrical  modi  fie 
tiobs  of  metals  intervene  by  which  they  lose  for  a  time  their  disposition  lo 
combine  with  oxygen, — is  not  yet  satisfactorily  determined. 

Oil  of  vitriol  mixed  with  a  six-fold  quantity  of  absolute  alcohol  wil^ 
not  decompose  any  dry  carbonate.     Absolute  alcohol  wliich  has  absorb 
hydrochloric  acid  pns  does  not  decompose  carbonate  of  potash,  but  neb 
readily  im  other  carbonatcii.    WhiUt  dilute  nitric  acid  gire^  up  its  oiygtm 
to  most  metalj  with  tiie  greatest  violence,  the  highly  concentrated  aciii 
acts  but  very  slightly  upon  bismuth  and  has  no  action  whatever  upon  tioj 
iron,  lead,  or  silver,  those  metalj*  retaining  their  full  metallic  lustre  whes 
immersed  in  it.     Iron  is  brought  by  strong  nitric  acid  into  a  passive  etat 
60  thiit  it  exerts  no  decomposing  action  even  upon  dilute  nitric  acid;  il 
may  however  bo  brought  back  to  its  ordinary  active  state  by  varioiij 
means,  the  iiiijwrvious  stratum  on  its  surface  Wing  thereby  removed,  or  a 
p€icu.liar  electric  condition  destroyed.     Iron  may  be  brou,i,'iit  into  the  same 
state   by  immersion    in   a  solution   of  nitrate  of  ailver.     Coneontnito<^H 
nitric  aL'id  kIqcs  not  decompose cnrbouate  of  lead,  nor  does  it  act  on  cai'bo-^l 
nate  of  lime  or  baryta  even  when  boiling,  most  probably  Iwcause  the 
nitrates  of  lead,  baryta  and  lime  are  insoluble  in  nitric  acid;  carboaute  of 
potash  on  the  contrary  is  rapidly  decomposed  by  it,  because  nitrate  of 
potash   is  easily  soluble  in  strong  uitrio  acid.     But  nitric  acid  mixed, 
with  absolute  alcohol    has  no  action  on  carbonate  of  pota-ih,  probablj 
because  nitrate  of  potash  ig  insoluble  in  the  alcoholic  mixture ;  the  car- 
bonates of  soda,  barvta,  and  maguGsia  arc  slowly  decomposed  by  it,  those 
of  lijne  and  strontia  immediately,  possibly  because  the  nitrates  of  lime  and 
atroutia  are  soluble  in  alcohol.     Oxalic  acid  dissolved  in  absolute  nlcohol 
does  not  decompose  carbonate  of  potash  or  of  lime,  but  acts  upon  the  eair-j 
bonatos  of  baryta,  strontia,  and  magnesia  {altbon  tIi  thg coniponndd  of  thcsal 
last  three  bases  with  oxalic  acid  are  tusolubk  -'eubolic  mixture)*] 
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TWalcoUulie  solufinii  of  raeetnic  or  tartaric  acid  does  not  decompose  any  s3.It 
of  carbonic  uoid ;  that  of  citric  acid  doca  not  decompose  the  carlionatea  of 
karyta,  strontin,  ^nd  lime;  carbonate  of  magnesia  is  sloivly  dec 0111  [losed  by 
it,  <^rboni«l(t  of  potash  more  qnickly.  Glacial  acetic  acid  docs  not  doeom- 
pose  carbonate  of  lime  even  on  boiling;  it  act*  however  on  most  other 
oirbouatc.*,  but  less  quickly  than  when  water  is  added.  Glacial  acetic 
acid  mixed  with  absolute  iilcohol  has  no  action  on  any  carbonate  till 
water  is  added  to  it.     If  both  Buhstauces  are  liquid,  no  addition  of  vrater 

nec<*sary ;  tbii«  oxalic  acid  in  a.  state   of  etUoresceuco   disaoivetl   in 
Jute  alcohol  precipitates  nitrate  of  lime  dfasulved  in  tlie  same  liquid, 
irtlier  developments  of  this  subject  will  be  found  under  the  heads  of  tbo 
above^Qamed  acids  and  jnetals,  also  under  Alcohol.    On  tlio  action  of  acida 

luetals,  vid.  Keir  {ScAw.  53,  154).— Herscliel  {A nit.  Ck.  Fhi/s.  54, 
T;J*<offff.  32,  211,  also  Ann.  Phann.  10,  250). — \Vet?.lar  {iichw.  4tf,  470; 
50,  88  and  12f»;A6,  200). — BetitTnis  {A nnualUcport,  K,  104). — ScLweig- 
JTPr  Seidel  (Schip.  53,  167). — Dtnniis  {Ann.  de  rindmtrie  Fran.  1829, 
Mai;  abetr.  &Aw.  57,  23). — Schbnbcin  (P/dL  Mat/.  J.  9.  53;  Poffff.  37, 
3it0  and  5fl0;  38,  444  and  4?I2;  3f),  137,  342  and  3.51  ;  40,  193;  41,  41; 
43.  1).— Faroday  (Phil.  Hag.  J.  D,  57;  10,  175).— Mousson  {BibL  vniv. 
A..S'.  5,  153;  ako  Pot^g.  30,  330). — Andrews  {Phil.  Mag.  J.  12,  305;  also 
"fVy^.  4.1,  121).— Noad  (PML  Mafj.  J,  10,  267;  12,  48;  l'>,  292;  abetr. 
*t>yg.  15,  292).- — On  the  action  of  acids  on  carbonates,  vid.  Berthollet 
{Statiqxie  Chim.  2,  50).^ — Pelouzo  {Ann.  Chim.  Phi/a.  50,  314,  also  Pogg. 
25,  343.  also  Ann.  Pfiart/i.  5,  2tiO ; — A?tn.  Chivi.  Phi/s.  50,  434;— J, 
C^im.  med.  9,  401). — Leroy  (»/.  Cldm.  vied.  9,  489). — Braconnot  (,'in«. 
C'Aim.  P/i^js.  52,  'J86,  also  Por/g.  25),  173). — Kublmann  {Ann.  Chim.  PUys. 
(Ti,  2m,  also  .'inn.  Pktnn,  27,  22,  also  J.  pr.  Clifiii.  14,  502). 

Moreover,  ju^t  us  the  simple  formation  of  compotinda  often  requires  a 
liiylier  temperature  than  that  which  is  necessary  to  bring  the  combining 
^uht-tances  into  the  fluid  .^itatc,  eo  likewise  is  this  Iiiglier  tempei-ature 
nocc-vsary  in  many  cases  of  combination  attended  with  decoroposition. — 
A  red  bent  is  necessary  to  enable  oxygen  gas  to  decompose  animoniacal 
gfis  into  water  and  nitrogen  gas,  and  for  the  formation  of  carbonic  oxide 
ftnil  hydrogen  ga^a  by  the  action  of  charcoal  on  vapour  of  water. 

In   these  ca«cs  also  light  and  eleciricity  may  sometimes  supply  tbo 
place  of  eleTated  temperature  (Vid.  C'hamcal  efecU  of  LigfU  and  Ele 
trititi/). 

We  proceed  to  notice  some  of  the  more  important  cases  of  ohetnical 
dccoiii position  brought  about  by  the  Bupcrtor  aflinity  of  superadded 
bodies: 

1 .  A  compound  A  B  is  decomposed  by  intervention  of  C  into  thft 
compound  A  C  and  the  libentlod  body  B.  (^'cAemc  1*,)  Simple  Mleciive 
AJintty,  .4ttraaio  cUctivn  simplfx. 

Decompositions  of  this  kiinl  in  which  heat  forms  one  of  the  acting 
liodie8  are  an  follows:  Let  A  B  be  water,  i.t.  heat  +  ice,  and  C  frozen 
mcTcnry;  llic«o  give  liquid  mercury  and  ice  {Sch.  2). — Let  A  D  be  oxide 
of  gold,  i.r.  oxysjcti  +  gold,  and  Cheat  at  a  temperature  of  inraindesceuoe; 
the  rcBidt  i*  o.xvL'cn  m»  {oiygen  +  htat)  and  metallic  gold  (i'cA.  3).  In 
a  «itiiil,»r  manner  carGonate  of  lime  at  a  red  heat  is  resolved  into  carbonic 
arid  jran  and  lime:  likewise  arse  niu  re  tied  hydrogen  gae  at  a  red.  heat  into 
liydroijon  pm — wliich  in  the  sepfiratc  state  is  more  expanded  and  therefore 
probably  combined  with  a  greater  quantity  of  heat  than  when  in  union 

•  I'l*tr  III.  Tlic  iliiud  Imea  denote  the  compounds  dcatrojed;  the  full  linei  Uie 
nm  coai{)oan<t»  format). 
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irith  arsouio — anil  metallic  are4«aic. — Let  A  B  be  1;)ydroebtoric  itA^ 

{Uv'lrtuclilonc  ac iil  +  bi'Hl).  ami  C  water ;  the  water  combines  "writ 
»ei(l  fornnDgaijuoou^^oltUiou  of  hydrochloric  aeiil,  !in<lheat  isdiscn^ 

Coma  in  wbicti  all  three  bodies  are  pond er&blo  i   Sulphuret  of  silrezl 
exposed  to  tlic  air  at  a  r* d  heat  yields  giilphoroaii  afiid  and  motaUio  silrer 
(Sch.  5). — Oxide  of  ainc  heated  to  rodnoBa  Iti  contavt  with  oharcoal  It, 
roeolved  into  c-arbonlc  t>iid«  and  luetailic  liiic  {Sck.  i>). — Oxide  of  uopf 
ia  a  similar  tnanner  into  carbtmic  acid  gas  and  copper  (Sch.  7)- — Chloxine' 
gas  expelfj  oxvje^ea  gaa  from  red-hot  ptita:gli  (KO)  and  produces  cblotidd 
ofpolaasiam  (Sc/t.  8). — -Hydrochloric  acid  and  aine  form  chloride  of  sinOj 
with  di4*ugagenient  uf  hydrogen  gas  {A'A.  H).- — Iron  Jecomjvoses  chlorid 
of  silver  in  contact  with  water  into  chloride  of  iron  and  silver  {S<k,  \Q)f 
Cinnabar  (HgS)  heated  to  redness  in  contact  with  iron  yields  sulphurett  ' 
iron  and  mercury  (Seh,  11). — Carbonic  acid  gas  is  expelled  by  sulphurifl 
acid  from  carbonate  of  lime,  and  Bulphato  of  lime  is  fonnod  {ScA,  J 2). 
Aoueous  solution  of  nitrate  of  eilver  mixed  with  caustic  potash  yidda" 
Dxtdo   of  silver  and  nitrate  of  potash  (Sch.    13). — Water  added  to   a 
solution  of  roein  in  alcohol  forms  dlhite  alcohol  and  precipitates  ri^t 
On  the  other  hand,  Glauber's  sail  dissolved  iu  water  is   almost  wlioUi 
ureeipitatcd  by  addition  of  alcohol :    for  the  mixture  of  akoliul  with 
Mfg«  qoantity  of  water  has  scnrcj^ly  any  affinity  for  reain.  and  that 
water  with  a  large  i^uantlty  of  alcohol  scarcely  any  alQnity  fur  Glauber's' 
ndt. 

Sometimes  C  takes  from  tho  compoiittd  A  B  only  a  part  of  A,  »>  that 
a  compound  of  B  with  a  smaller  quantity  of  A  is  separated.     Thua  xidq 
in  a  *<latc  of  incaiudescenec  robs  carbonic  acid  of  half  its  oxygen  and  con 
verts  it  into  carhonic  oxido  (Sth.  14). — The  resultina  coniponnd  A  C  ntai 
thou  combiiit?  with  A  B  which  hsus  been  depriveif  of  half  'tis  origit 
quantity  of  A,     Thus  zinc  and  solution  of  sulphurous  acid  form  hy^KisuU 
phite  of  xinc  (Sch,  15). — ^Or  C  may  rob  the  compound  A  B  of  the  wholf 
of  A  and  jiart  uf  B,  and  separate  only  the  remaining  part  of  B.     Thi 
sulphuric  acid  healed  with  pentxide  of  manganese  forms  sulphate  of  prot 
oxide  of  manganese  and  drives  nut  half  the  oxygen  (.SVA,  Hi). 

The  decomposition  of  A  B  by  C  sometitnea  takes  place  in  presencQ  ol 
another  body  I)  which  is  at  first  combined  with  A  B  iind  afterwards  unites 
with  A  C.  Water  {A  B)  mixed  with  sulphuric  acid  (D),  yields  wlie« 
actod  upon  by  line,  sulphate  of  nine  and  hydrogen  gita  {S<4  1 7).— The 
fiame  kind  of  action  iakea  place  whenever  hydrogen  gas  is  given  ofl'durin^l 
the  solution  of  a  metal  in  dilute  oxygon  acids  or  alkuViiie  .aolutionft. — To ' 
this  head  likewise  belong  all  precipitations  of  raotals  from  solutions  of 
their  oiidea  in  ox-acids  or  alkali*,  by  other  metals  in  the  metallic  state: 
(in  Sch.  17  a  metal  must  be  substituted  for  hyitrogen).  Thna  itinc 
immersed  in  sulpiiate  uf  copper  produces  sulphate  <>i  zinc  and  metallic 
«opp«T  (Sch.  18):  similarly,  copper  and  nitrate  of  silver  give  nitrate  of 
(iopper  and  metallic  silver  (,VcA.  19). — When  carbonate  of  soda  la  healodj 
to  redness  in  contact  with  phosphorae,  pLosphato  of  soda  and  charcoal 
produced  (&-A,  20). 

Sometinies  only  part  of  tho  compound  A  B  is  decomposed,  and  th« 
ether  part  combinea  with  the  newly-fonned  eorapoand  A  C,   taking  tka 
place  of  the  substance  D.     Potassium  heate<l  in  parbonic  ivcid  gas  sep»™j 
rate3  charcoal  and  forma  potash,  which  combines  with  the  undecon)po)«odl 
portion  of  the  carhnnjo   acid  (.ScA.   21). — Chlorine  pa«ie<i  Into  solution  J 
of  ammonia  liberates  the  oitro^eo  of  that  ci  v  the  gMeoua  form,  I 
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oombinM  with  tUe  hjdrogen  fomiing  bydrochlorio  acid^  whiob  then 
es  with  tli9  reuaiuiag   porUon  oT  amiuoiiia,  fonmag^  gal-amiuoBiac 
(&».22). 

A  gimiliir  nction  feometiines  take^  place,  with  tliis  diflerenco,  tbat  C 
lakes  onljr  |jnrt  of  A  from  the  decomposing  portion  of  A  B.  Mercury 
hcateil  with  saiphurio  acid  produces  sulphate  of  mercury  and  sulphurous 
•ici^l  (S<A.  23). — Copper  treaiud  with  tiitrlc  acid  yields  nitrate  of  cop- 
|ier  Awl  nitric  oxide  gaa  i&h.  24). — 2ino  and  dilute  nitrio  acid  yield 
nitiaie  of  xiuc  and  nitrous  oxido  gas  {.ScA.  25). 

2.  The  action  of  C  on  tLe  contpound  A  B  produces  two  new  coai- 
iwuod^  AC  suid  B  C  {ScA.  2G).  ^VMlen  oxide  of  mercniy  is  heated  to 
indiieasb  Taponrof  mercury  {mercury  +  beat)  and  oxygen-gaa  (oxygen 
+  he«t)  are  produced.  Sulpburct  of  carbon  burnt  in  oxygon  gas  pr(>- 
duc«i)  sulphurous  acid  and  larbonio  aciJ  (iS:A.  27). — Sutphuret  of  anti- 
niuny  heated  in  contact  with  atr  yiehb  Bulphurous  acid  goa  and  antinio- 
nioui;  acid  (Sch.  2H). — A  similar  action  takes  place  with  other  metallic 
sulphuret*. ^-Chlorine  gas  converts  suipburot  of  antimony  into  chloride  of 
Bulphitr  and  chloride  of  antimony  {lich.  29),  and  produces  similar  e9ect9 
OQ  other  metallic  sulphureta.-^Sometiraee  the  two  new  compounds  A  C 
and  BC  combine  togntlier.  Thus  fiidphnret  of  copper  when  heated  in 
tho  air  is  courerted  into  gulpbato  of  oxide  of  copper  (ScA.  30). 

The  ^oine  decomposition  often  takes  place  in  presence  of  a  fourth 
body  1>  combined  with  A  B,  one  of  the  new  compounds  A  B  and  A  C,  or 
;A  ©f  them  »eparately,  uniting  with  this  fourth  body. — Jlercury  placed 
sololion  of  uitrate  of  silver  forms  eubnilratc  of  mercury  and  eilver- 
l^m  (Arbor  Dianie,  SeA.  31). — When  phoaphorus  la  boiled  in 
water  holding  potash  in  solution,  photfphato  of  potash  and  phoephuretted 
hydrogen  gas  are  produced  (iS'M,  32). — Chlorine  gaa  passed  into  ai|ueous 
aotutitin  of  jKftasjh  yields  chlorate  and  hydrochlorate  of  potash  (Sch.  33), 
— If  in  tbifc  procC'Ss  we  suppotie  that  pota«b  instead  of  water  is  the  body 
iposed,  and  that  not  hydrocblorate  of  potash  but  chloride  of  potai*- 
ut  produced,  then  Sch.  34  must  be  substituted  for  Sch,  33.  Tbo 
aetioi)  of  bromiuo  or  iodine  upon  potash  is  precisely  similar  to  that  of 
cblorino.  Sulphur  cxerta  a  similar  action  on  lime  (or  potash)  when  water 
ia  jwcaout;  the  actioii  will  he  ropreeented  by  Sch.  35  or  Sch.  36  according 
M  wo  •uppoae  hrdrosulnhate  of  time  or  (juinto-sulphuret  of  calcium 
te  bfl  the  oody  formed.  lu  Sch.  .14  and  36,  the  fourth  body  is  a  part  of 
iha  oompotmJ  A  B,  which  remain^!  u  a  decomposed.  The  same  is  the  eaae 
in  tlin  eunverbion  of  potash  by  cxce^  of  sulphur  at  a  red^heat  into  t^uialo- 
■olvliiin  t  iT  potassium  iind  sulphate  of  potash  {Sch.  37)- 

ii.'«  a  fourth  body  D  exists  before  the  decorai»osition  in  combi- 
...Ui  A  B,  and  i^  set  at  liberty  by  tho  decomposition.     Sulphate  of 
ia  disfiolred  in  water  is  converted  by  chlorine  into  bydrochlorie 
chloride  of  nitrogen,  and  free  sulphuric  acid  (D)  (ScA.  3B). 

3.  Tlie  comjiound  A  B  is.  acted  upon  hy  the  compound  CD,  and  there 
are  formed  two  new  coniponnda  AC  andBD,  This  very  frequent  and 
important  case  is  oitlled  decomposition  by  Double  Elective  AJinUy,  DoubU 

11^,  Atiraciioefectim  iiuplex  (Sck.  3d). 
Pcrchlorido  of  phosphorus  (P  Cr)  and  water  produce  hydrochloric 
M  and  nh.t^pboric  acid  (PO')  (SeL  40). — Sulphuretted  hydrogen  with 
lidci  of  leiul  yielrls  sulphuret  of  lead  and  water  {Sch.  41);  with  peroxide 
*'  '  Iphuretof  tin  and  water  {Sch.  42);  with  arsenious  acid,  ter- 
i;,  jirncnic  and  water  {Sch.  43);  with  arsenic  acid,  quinto-fcul- 

ol  arsonic  and  water  {Sch.  44}. — Other  liydracids  act  npon  me- 


120 


AFFINITl. 


tttllic  oxjiles  in  a  eiinilar  manii<?r.     Tcrsulpliuret  of  flntimony  heated  with 
protoflluritle  of  mercury  yields  tcrchloride  of  antimony  and  i/roto-Bot-j 
pliurct  of  mercury  (.SVA.  45}.  I 

The  most  freqtiontly  occurring  decompositions  by  double  affinity  aro  ] 
those  of  salts  (Mintaining  a  base  and  an  acid  as  proximate  elemente). 
Two  salts  which  contain  difleront  acids  and  different  bases  often  inter-j 
cbange  elements  in  such  a  manner  that  the  acid  of  the  first  combines  wilbj 
the  base  of  the  socondj  and  tho  acid  of  the  fcc^jnd  with  the  Ijia^e  of  tho| 
first.     This  decomposition  is  seldom  obserred  when  salts  are  melted  togr^l 
ther,  because  in  case  of  an  exchange  taking  place  the  two  newly  foriae4 
eilts  often  fuse  together^  but  it  very  frequently  occurs  when  Bolutrons  of 
tho  sails  in  water  or  other  liquida  are  mixed  together,     lu  the  latter  ca« 
if  the  two  newly-formed  salts  are  likewise  soluble,  tlio  decant poaitiou  VMt,y  ^m 
be  discovered  from  tho  constitution  of  the  crystals  obtained  on  evaporatioa.H 
or  cooling;  but  in  very  many  eases  one  of  the  nowly-formed  salts  i*  but 
elightly  or  not  at  all  soluble  in  the  menstruum,  »ud  coiisciniently  aft'ords 
trvidenco  of  the  decompoaition  by  separating  from  the  pulutiou   iti  the 
Bolid  form,     When  aqueous  solutions  of  carbonate  of  potiish  and  sulphate 
of  so<la  arc  mixed,  the  liquid  yields  on  evaporation  and  conliiij;:,  (ir»t  crya- 
tale  of  sulphate  of  potash,  afterwards  of  carbonate  of  soda  {ScA,  AH).- 
Nitrate  of  baryta  and  sulphate  of  suda.  mixed  in  the  state  of  Mfiuoous  eolu 
ttoQ  yield  nitrate  of  soda  which  rcmaius  dissolved,  and  sulphate  of  batytA     _ 
which  immediately  precipitates  in  the  form  of  an  insoluble  white  powderM 
(Sck.  47)."— Siniilarlv,  aqncous  solutions  of  cnrhonalcof  potash  and  nstmte™ 
of  lime  yield  a  thick  precipitate  of  carbonate  of  lirac,  while  nltrato  of     " 
poLteh  remains  dissolved  in  the  liquid  (Sek.  4H), — A  soluble  Kilt  may 
likewise  interchange  elements  with  an  insoluble  onej  <?.  ff.  carbonate  of 
Soda  and  sulplmto  of  lead  yield  sulphate  of  sodji  rind  carbonate  of  lead. 

To  this  case  belongs  Richter's  Lazv  of  Nfutraliiaiion  (Bcitragc,  4,  6fl). 
Richter  found  that  when  decomposition  takes  place  between  two  salts 
which  are  neutral  to  vegetable  colours  (page  97)   the  two  newly-formedM 
salt^  are  likewise  neutral.     From  this  ho  concluded  that  if  the  acid  of  tbsV 
first  aalt,  by  combining  with  a  certain  quantity  r>f  the  base  of  the  gocand, 
Beta  free  a  certain  quantity  of  acid  belonging  to  it,  this  quantity  of  acid 
18  e:^u;tly  sufficient  to  form  a  neutral  salt  by  combining  with  tho   dis 
snble  quantity  of  tho  base  of  the  first,     Of  (his  important  principle  Richtoj 
availed  himself  in  his  stoichiometrical  calculations:  tho  result  can  now] 
bo  easily  e^tptained  by  the  atomic  theory  a,a  above  develo[>ed.     Salle  arftj 
commonly  neutral  when  they  contain  one  atom  of  acid  for  every  atom 
base.     If  now  two  salts  thus  constituted  decompose  each  other,  prcdswlj 
1  atom  of  acid  of  the  first  cnmbincs  with    1   atom  of  base  of  the  secont 
and  I   atom  of  boso  of  the  first  with  1  atom  of  acid  of  the  second:  henco^ 
both    the   new   compounds    are  neutral.      In    those    cases,  however,  in 
which  the  newly  formed  insoluble  salt  contains  a  number  of  atoms  of  n 
liarticnlar  acid  different  from  that  which  occurs  in  the  former  salt,  the 
law  of  neutralisation  is  subject  to  exceptions.     Thus  ordinary  phosjihatoj 
of  Boda  ooataina  1  atom  of  phosphoric  acid  and  2  atoms  of  soda:  now 
when  this  is  decomposed  by  nitrate  of  silver  (1  attini  of  acid  +  1  atom  o| 
base)  a  compound  is  precipitated  containing  1  atom  of  phosphoric  iwjid 
and  3  atoms  of  oxide  of  silver;  but  iKesc  were  originally  combined  with ' 
3  atoms  of  nitric  acid,  and  they  now  come  in  contact  with  only  2  atoms 
of  soda,  and  since  2  atoms  of  soda  require  only  2  atoms  of  nitric  acid  to 
Qeatralixe  them,  the  liquid  becomes  acid  {Sch.  40). 

The  following  arc  cases  of  decompositimi  '      '     *'lo  affinity,  in  wbi** 


%  5 fill  Ixtdv  E  also  comes  into  play.  The  eomponnil  A  B  Is  in  combina- 
tJoh  witli  k  and  tJie  latter  subset^uetitly  unites  with  A  C.  Oil  of  vitriol 
(suljiliuric  acid  4  water)  mixed  with  chlnride  of  sudiuiu  j-ielda  eulphato 
vf  M)<la  and  hytlrocliloric  acid  gaa  (Sc/i.  50). — ^Bujjiliate  of  mercufy 
heated  with  cUloridc  ot  sodium  yields  aulpbate  of  soda  and  chloride  of 
mercury  (6'cA.  51). — By  fusing  together  sulpbato  of  Wryta  and  chloride 
of  calcium  vTe  obtain  sulpiiate  of  lime  and  chloride  of  barium  LScfi.  52). 
— In  a.  dimitar  juaTiner  nmy  be  explained  all  othor  decompositions  of  a 
salt  coQsisttng  of  au  oxacid  and  u.  base  by  any  metallic  Bulphuret,  iodido, 
brtvniide,  chloride,  fluoride,  or  cyanide,  whetlier  water  be  present  or  not. 
TUua  afjiipous  solutious  tif  sulphate  of  soda  and  chloride  of  barium  yield, 
on  mixing,  a  precipitate  of  sulphato  of  baryta.,  while  chloride  of  «0)liuni 
retiiaiiis  in  eolution  (.S'r/i.  53);  and  solutions  of  carbonate  of  potaab  and 
cltkiriilc  ijf  culcium  yield  precipitated  carbonate  of  lime  and  soluble  chlo- 
ride of  potii^aiuni  (.bcA.  .04).  If  however  wo  suppose  that  the  metallic 
Bnlplitiretf,  chlorides,  &c.,  are  converted  on  solution  into  salts  consisting 
of  hydracids  coinbincd  with  metallic  oiides,  then  AWt.  54  niiist  bo  altered 
ioto  'Sch.  5'k — The  mutual  dtcompositioQ  of  ferrocyanide  of  potassium 
jM»d  sulphate  of  copper  may  be  repreaented  by  -SVA,  56  or  Sch.  37,  accord- 
inj^r'y  as  it  is  supposed  that  the  former  dissolves  in  water  without  altcnv^ 
tton,  or  becomes  changed  into  prussiate  of  protoxide  of  tin  and  potash;  in 
the  former  ca^e  both  A  B  and  C  D  are  combined,  the  one  with  a  fifth,  the 
other  with  a  sixth  hodyj  the  former  of  which  combines  with  AC,  the  latter 
with  BD. 

The  decompoattion  of  common  salt  by  heating  it  with  silica,  and 
llowinp  V!i|Hmr  of  water  to  have  acces.'s  to  the  miituroj  prescuta  thia 
pecobarity — that  E  the  silica  is  not  combined  with  A  B  the  water,  but 
acts  by  itself  and  combines  with  A  C  the  soda  (i'cA.  58). 

In  dome  coses  of  decomposition  by  double  affinity,  part  of  the  com- 
ponnd  AB  remains  andecomjHjseJ  and  enters  into  combination  with  the 
new  compound  A  C.  Wlicn  2  atonis  of  baryta  at  a  red  beat  are  acted 
npoQ  by  1  atom  of  bisulphuret  of  caxbon,  there  arc  formed  2  atoms  of 
Jpburct  of  bfifium  and  1  atom  nf  carbonic  aeid  which  nnttes  with  tho 
adecouiposed  atom  of  baiyta  (AA.  5D). — In  other  coses  the  andecoui- 
*«cd  jfortion  of  A  B  unites  partly  with  A  C  and  partly  witli  BD.  Thu.'j 
rwhrn  tersuljihuret  of  antimony  in  excess  is  fused  with  potaali,  a  compound 
of  Bulpbnret  of  antimoiiy  with  oxide  of  antimony  is  formed,  and  also  a 
coRi(H)UDd  of  sulphuret  of  antimony  with  sulphuret  of  pota«!iiam 
(A'fA.  «(l). 

Or  ncain,  the  undecomposed  portion  of  A  B  unites  with  the  new  com- 
ponnd  BD,  and  the  nndecoiuposed  portion  of  C  D  with  the  new  compouDd 
A  C  Thus  on  fusinj*  together  R  atoms  of  tersulpburet  of  antimony  and 
7  8tc>mi«  of  potash,  we  obtain  a  compound  of  sulphuret  of  pot-i4<isiuni  with 
ilphuret  of  antimony  and  a  compound  of  oxide  of  antimony  with 
^  uta.»h  (.ScA.  Gl). — Bisulphuret  of  carbon  dissolved  in  aqueous  solution 
of  poUian  yields  sulphuret  of  potassium  which  unites  with  sulphuret  of 
carbon,  and  carbonic  ucid  which  combines  with  jtotash  (&'A.  G2). 

Tho  compound  A  B  may  also  be  in  combination  with  a  fifth  body  E, 
which  is  set  free  by  itself  siniultaneoualy  with  tho  formation  of  A  C  and 
BP.  The  compfiund  of  hydrochloric,  and  ammonia  (K)  is  resolved  when 
mixed  with  lime  into  chloride  of  calcium  and  water,  while  ammonia  is  set 
free  (HrJt.  63.) 

Lnntlv,  a  iHirtion  of  B  may  remain  nnconibined:  2  atoms  of  bydro- 
'••loric  acid  and  1  atom  of  peroxide  of  manganese  yield  2  atoms  of  water 
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»Dd  1  atom  of  cliloride  of  manganese,  wlule  1  atom  of  chloriDfr  is  die«n* 
g«^^  {iScA.  64).  If  we  suppose  tbat  bydrucliltirale  of  protoxide  ol 
tnsQgaoeM  ia  fonueU  instead  of  tbe  chloride  of  maugauesv,  wil>  must 
Nipraeeiit  tbo  action  bj  Sch,  73. 

4,  The  mutual  action  of  AB  aud  CD  producM  oaly  the  con]|iound , 
A  C,  while  both  B  and  D  are  separated  io  tbo  free  stnto  (Scft.  65).     Gar*  I 
bonate  uf  {Mtash  mixed  in  aulution  with  Bulphute  of  alumiDa  forms  sal* 
pliaU'  of  putaah,  while  carbonic  acid  is  diwngaged  as  gas,  &nti  alumina 
prncipitatficl,  this    6&rth  tot  being  abto  to  combine  with  carbonic  acid 
(iS'cA.  6K).     Nitric  acid  utid  bytlrochloric  acid  heated  together  form  water, 
livponitric  ociil,  and   chlorine  {Svh.  67)-      In  thi»  case  the  compoDiide 
A  B  and  C  D  may  exist  in  coiiibiuatiun  one  with  the  other,  and  suffer  do< 
ootnpositioD  whea  heatoil.     Thus  aulphatc  of  amiDonia  passed  through  m 
rcd-liot  tube  ia  resolved  into  water,  nitrogen  gu  and  sulphur  {ScA.  68). 
Moreover  the  element  B  of  the  wimpound  A  B  and  the  element  D  of  tlie  i 
oompuuDd  C  D  may  be  identical:  thus  sulphurous  acid  and  eulphuretted  < 
hydrogen  form  water  and  sulphur  (Sch.  GO);  iodic  acid  and  hydriodie 
acid  yield  water  and  iodine  (ikh,  TO)]  nitrite  of  ammonia  dissolved  in 
water  h  resolved  by  gentle  warmiii;^;  into  water  and  nitrogen  gas-  {Sck, 
71).     If  in  thece  cases  the  body  C  does  not  take  up  the  whole  of  A,  part 
of  the  latter  remains  in  combination  with  the  separated  element  whiok 
existed  in  both  the  original  Cfimpounds:  thus  nitrate  of  ammonia  is  i«- 
solvcd  by  heat  into  water  and  protoxide  of  nitrogen.     {Sch.  72.) 

A  portion  of  A  B  may  also  remain  undecompfvsed  aud  combine  M  k 
fifth  body  with  cither  D  or  AC.  Hydrochloric  acid  and  peroxide  of  man- 
ganese resolve  themselves  by  their  joiat  action  intu  water,  chlorine,  uid 
liydrochlorato  of  protoxide  of  maugancse  {Sek.  JS).  Anhydrous  sul- 
pnuric  acid  acting  with  the  aid  of  beat  on  chtoriive  of  sodium  produces 
Bulphatci  of  soda,  sulphurous  acid  gas,  and  chlorine  gas  (ScU.  74). 

5.  The  two  bodies  C  and  D  act  separately  on  the  compound  A  B,  aitd 
prodncg  the  compounds  A  C  and  B  B.  The  two  electricities  flowing  into 
water  on  opposite  (sides  produce  oxygen  gaa,  which  may  porha{ts  bo 
regarded  as  a  compound  of  positive  electricity  with  oxygen,  and  hydrogen 
gas,  which  should  perhaps  be  regarded  as  a  compound  of  negative  electri- 
city wtte  liydrugen  {Sch.  75) ;  and  a  similar  explanation  may  be  given 
of  the  decoiufKJsitions  of  other  ponderable  compouads  by  the  deotrie 
current.  Silica  mixed  with  charcoal  and  acted  upon  at  a  red  heal  W 
chlorine  gaa,  yields  chloride  of  silicium  and  carbcmic  oxide  {Seh.  76). 
Similar  results  arc  obtaiaed  with  many  other  metallic  oxides. 

6.  There  are  two  compounds  A  B  and  CD  independent  of  eaoh  other: 
a  body  E  combiiie-s  with  A,  bringa  B  into  combination  with  B,  and  evt» 
C  at  liberty  {Sch.  77).  When  rapour  of  water  is  passed  over  a  mixture 
of  chloride  of  silver  and  ehurcoal  at  &  red  heat,  carbonic  oxide,  hydro- 
chloric acid,  and  metallic  silver  are  produced  {Sdi.  78).  In  the  following 
instance  another  portion  of  E  combined  at  the  same  time  with  B  It. 
Chloride  of  sodium,  peroxide  of  manganese,  and  Bulphuric  acid  yield 
sulphate  of  soda,  sulphate  of  protoxide  of  manganese,  and  chlorine 
{ScA.  79). 

7.  From  a  compound  of  A  B  with  A  D,  E  takes  the  whole  of  A  and 
separates  B  and  D  either  in  the  free  state  or  combined  together  (Sch.  80). 
When  hydrate  of  {wtosh  is  brought  into  contact  with  iron  at  a  white 
heat,  oxide  of  iron,  hydrogen  gaSj  and  potaaainm  are  produced  {SeA.  81). 
Charcoal  decomposes  carbonate  of  eoda,  producing  3  At,  cArbonic  oxide 
g««  and  1  AL   Bodtttm  {Sch.  83).     Charcoal  at  a  r^  heat  decompt^GM 
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pbocpliale  of  lead,  produrJTi^  cajbonio  oxide,  ptosphoroa,  anJ  lead  {S'di 
83).  Hydrogen  ga»  coudiK-tcil  over  rwl  Lot  sulpliato  of  poiiish  |>r<"lii  ■ 
jiiter  and  *ul(iliurot  of  jiftttssiuiu  {Scii.  84).     Tin  treatod  with  aijm  ■  i; 


ullon  of  nitric  acid  yields  peroxido  af  tin  aud  amiuonia,,  tlie  latter,  bww- 
ing  with  tho  uncIecoaip4JSGd  jiortion  of  the  Ditric  ncid  (i<"A.  85). 
oaiiipouuds,   ABC  and   DEF,  resolvo  theinaolvcfl   hy  tlii-lr 
tioii  into  tlie  3  oonipounds  A  D,  B  E,  and  C  F  (.ScA,  88).     Tins 
ouo  has  roceived  llit*  ntimeof  AUravtlot^lectii'ti  mutiiplex:,     Hydrosulplmtn 
'  anunonia  and  nitrate  of  lead  produce  eulphuret  of  lead,  water,  and 
itc  of  ammonia  (»VcA.  87)- 

Tho  caose  of  ail  tliese  deooiiipo,^ition8  of  existing  conipoaoda  by  super- 
led  bodies  resulting  in  the  formation  of  new  compounds,  la  universally 
be  soagbt  in  the  conditicib  that  tho  forces  which  tend  towards  tUo 
lanBatioii  of  tlie  new  compounds  are  stranger  tbau  those  whose  tcndent-y 
it  to  niaintaiii  the  old  ones.  lu  such  chan^^es  affinity  plays  hy  far  tha 
nwwl  importaut  part ;  hut  some  iiiflucnce  vs  also  exerted  by  cohesion. 

I'hc  influouce  of  cobogiou  may  perhaps  be  understood  in  iho  foltow^ing^ 
tmumer.  Tlip  nmri*  coheront  any  clement  of  a  compound  may  he,  the 
iter  will  he  it^  inclination  to  leave  that  ctimpound,  and  form  itsolf,  hy 
tue  of  coheaiwn,  iuto  larger  Diasacs,  and  the  more  quickly,  therefurc, 
ibe  old  c«nip<imi<l  he  decomposed  by  a  weaker  affinity,  The  same 
naealts  from  jjrcator  cohesion  in  the  new  comfjounds;  for  the*  fur- 
uf  tUetsc  ctiuijHiunJfj  \s  then  atsaisted,  not  only  by  the  alhuity  of 
lUr  elumeut.^.  hut  ^\m*  hy  the  tendency  of  the  compound  atom^  to  iinito 
ibenwelves  by  virtue  of  tht-ir  cohesion  into  larger  maaaea.  The  greater 
(jwraforo  thu  coheeiou  of  tho  separating  bodice  and  of  the  compauniU 
lut  to  ho  foruioil,  the  nioro  easily  will  tho  decomposition  take  place; 
Ums  contrary,  tho  greator  the  cohesion  of  tho  old  compounds  and  of  tho 
rliich  produces  the  docomjiosition.  tho  greater  will  be  the  excoiis  of 
tH  rc<]uired  to  eifcet  that  decmn  posit  ion.  This  inSuence  of  cohesion 
to  be  especially  corroborated  by  the  law  discovered  by  Hahnemann 
IDemaiktf  Laborant  im  Gi-oatnt,  V,  i,  17S4,  Vorrede),  and  further  deve- 
loped by  BerthoUctj  vii.,  that  two  salts  dissolved  in  niiter  decompose  one 
another  by  doable  affinity,  tvlienever  one  at  least  of  the  new  salts  is,  at 
Ike  jfiveo  lomperatnre,  less  soluble  (and  therefore  more  coherent)  than 
^tWr  of  the  two  original  conipoiiiuds.  This  law  hobb  good  without  any 
eateeplioa  whutcrcr  ;  in  no  iustunce  are  two  soluble  ealta  produced  from 
lltfl  uutuul  action  o(  n  sotulde  und  an  iDSoluble  salt ;  on  the  other  hand 
tv»  wlable  caltfi  often  produce  a  leas  Holuhle  and  an  insoluble  salt.  Tho 
i«lv  I'n-.is  which  uppearis  to  present  an  execptit>u  is  that  observed  hy 
1  >r  {/*rjyff.  51,  470),  and  this  ref|uires  further  examination.     It 

ik  .;  >^i  .au  cause  tlutt  precipitations  «o  often  rejsult  from  deeouipo»itiona 
fcjr  dwatle  affinity.  {Comp.  Sch.  46,  47,  48,  49.)     If  now  we  sniipotie  thatl 
m  wit  diuolves  in  water  with  greater  facility,  the  mure  coherent  it  hi 
(■lllMxieb  the  strength  of  its  affinity  for  water  must  al«o  bo  taken  intoi 
e»amd<imtiou),  it  will  follow  that  tu  the.sc  decum  poult  ions  the  preeipitatioa  j 
M«U4*  ftotti  the  greater  cohesion  of  one  or  both  of  the  new  aalta,    PerhaMj 
ia  Uwaa  malual  decom|:«>sitions  of  salt*",  the  aflinitiea  by  which  the  oM 
■■■{MnBtlB  are  bald  together  aro  in  equilibrium  with  tho^o  which  ten<l  to 
fiodwo  thn  new  ones,  iind  couMctiuently  the  greater  ovheftioo  of  a  new 
•anpound  deteruiiues  tim  result. 

Ob  the  other  hand,  the  cJtperiroente  of  Oay-Lussac  (page  1 1 4)  must  he 
Ooaaidiortd,  aceoriliog  to  which  cohesion  exert*  no  pereeptihle  intlucnce 
on  wlobility.     NoTerthelou,  Gay-Laa«ao'a  expUnatioa  of  the  above  lav. 
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(Jfijj.  Chim.  Phyt.  70,  427)  Jiffers  bat  littlo  from  tliat  of  BertlioUet. 
TUe  following  explanation  niaj'  also  ho  proposed.  Tbc  more  intiiuato  I 
the  corukinatiun  between  an  acid  and  a  baise,  and  consequently  tbe  more 
completely  the  combining  tendency  of  tlic  t^co  bodies  is  Balisfie<l  by  the 
combination,  tbe  smaller  will  be  the  affinity  exhibited  by  the  new  com- 
poand,  under  othcnviso  equal  circHmat,'uicep,  towards  other  bodies  j  it  will 
therefore  have  less  affinity  fur  water,  that  is  to  say,  it  will  be  less  eolublc: 
it  mu^t,  UowcTcr,  be  observed  that  the  solubility  wiil  diniinisb  in  very 
different  degrees  aecc>T4ling  to  the  nature  of  the  acid  and  the  bnse.  Hence 
in  the  decomposition  of  aalt«  by  double  afliiiity,  the  remiltiiig'  compoiinda 
4re  always  those  in  whose  formation  the  strongest  aHinities  c<irae  into 
play;  and  precisely  for  this  reason,  these  same  compounds  are  tLo»e  which 
have  comparatively  the  least  solubility. 

Independently,  howevpr,  of  this  inflnence  of  the  cftUesivc  force  (which 
must  not  in  nny  case  bo  estimated  two  highly),  decomposittons  are  wholly 
determined  by  the  relative  strength  of  the  affinities.  Decomposition 
invariably  takes  place  whotiover  the  StpaTating  AfiuUitt,  A^uituftt  diivi- 
ientfi,  i.  e.,  the  affinities  wliich  tend  to  the  foriiialion  of  neir  eotuponnds, 
are  together  greater  than  the  Latent  A^nitifS,  A^inilates  qtiiftcetUfs, 
those,  vi».,  by  which  the  old  compounde  are  held  to^'etber.  The  result  ix 
determined  not  by  any  «tngle  affinity,  but  by  the  sum  of  all  the  affinities 
which  aje  capable  of  oeiug  i^atisfied  at  tbe  mme  time.  Hence  a  stronger 
Rflinity  may  bo  overcome  by  poveral  weaker  afiinitiea  which  can  be 
brought  to  act  together.  For  example,  silica  cannot  be  deprived  of  its 
oxygen  by  be.iting  it  with  charcoal:  whence  it  follows  that  the  affinity  of 
oxygen  for  eilictum  ia  greater  than  ita  atlinity  for  carbon  j  neither  can 
chloride  of  silioium  be  formed  and  oxygen  separated  by  heating  silica  in 
cblorine  gas;  whence  we  may  infer  that  silicium  haH  a  g'reater  affinityfor 
oxygen  than  for  chlorine.  But  when  chlorine  gas  is  conducted  over  a 
mixture  of  silicJi  and  charcoal  heated  to  redti08s,  the  affinities  of  oxygen 
for  carbon  and  of  chlorine  fur  silicium  act  simultaneously,  and  those  two 
weaker  atfiuitics  are  together  {rroator  than  that  of  silicium  for  oxygen  j 
consequently  carbonic  oxide  and  chloride  of  silicium  are  produced  (Sck. 
75), 

From  this  may  he  dciluced  the  explanation  of  DccampmHwn  by  Pre- 
disipwing  Aj^nitt;  {A^nitnt  prtvdUponfit-g).  If  the  atlinity  between  A 
aud  B  hs  greater  than  that  between  A  and  C,  it  is  etill  possible  that  C 
may  decompose  A  B  and  form  A  C,  provided  a  fourth  substance  D  be 
present,  whose  affinity  for  A  C  is  such  as  to  determine  the  formation  of 
that  componnd.  Suppose  the  compound  A  B  to  be  carbonic  acid,  C  phos- 
phorus, D  soda.  PLo.Hphorus  lias  not  the  power  at  any  temperature  of 
depriving  carbonic  acid  of  all  its  oxygen,  and  separating  tbe  carbon  r  on 
the  contrary,  when  phosphoric  acid  and  charcoal  are  heated  together, 
carbonic  oride  and  phoaphorua  are  produced.  Now  by  the  presence  of 
8uda,  which  has  a  certain  affinity  for  carbonic  acid,  but  a  much  greater 
affinity  for  phoajdioric  acid,  the  circumstances  are  altered.  If  vapour  of 
phosphorus  be  conducted  over  carbonate  of  soda  heated  to  redness  in  b 
tube,  a  black  mixture  of  charcoal  and  pboaphate  of  soda  is  produced,  the 
action  being  accompanied  by  a  development  of  light  and  heat  ($ek.  20), 
If  we  snppose,  for  the  sake  of  illustration,  that  the  affinity  of  oxygen  for 
carbon  =  10,  for  phosphorne  =  0,  that  of  soda  for  carbonic  aciij  =  1,  and 
for  phosphoric  acid  =  3,  then  the  sum  of  the  latent  affinities  will  be 
10  +  1  =  II,  that  of  the  decomposing  affiniti  '-3=12:    conso- 

quently,  decoirposition  must  take  place.     In  /  i  it  is  the  pre- 


ueciprocal  affinity. 


dispositijf  aiHiiity  of  soila  fur  phosphoric  acid  which  hriDgs  ahoitl  the  for* 
tnatiuii  of  that  conipounJ.  It  is  true  that  we  horc  tjikt-  into  account  the 
iiffiiitty  of  a  substance  (soda)  for  a  compound  (pliospliorio  aciil)  wKjch 
bcfort.'  ihe  deconipo6iti«n  Uike^  place  has  no  existooce.  But  when  bodies 
are  brought  into  intinintc  contact,  all  the  forces  which  exist,  not  only  in 
tbvnt^lreij  bat  in  all  thcit  posgiblo  conipounds,  arc  called  into  action  at 
the  bamc  time.  WJtlioul  such  a  supposition  it  would  he  impossible  to 
give  a  satisfactory  ciplanation  of  the  decomposition  of  ^rbonia  acid  by 
phodphorus,  imd  of  many  others  of  almilar  mituro. 

The  same  decompositions  always  take  place  nnder  similar  clrcnm- 
atanccs;  fur  example,  it  never  happens  that  A  B  is  decomptised  by  C  at 
one  time  and  A  C  by  B  at  another  j  but  with  change  of  circnrastancee, 
.inch  opposite  redutts  of  the  conflict  of  adinities  often  eliow  thenisolvee, 
oiistituting  the  so-called  Reciprocul  ar  AUtrnatiny  Eltctive  Afin'ttie^j 
'AJlniUiUt  reciproat.  The  cirt-umstances  whose  alteration  may  bo 
alteiuled  with  such  change.s  of  result  arc  the  relative  quantities  of  the 
hodi«s  which  act  upon  each  othur,  the  predisposing  affinity  of  tho  solvent, 
and  the  presence  of  heat, 

1.  Ktlativf  (Quantity.    An  excess  of  one  of  tho  todies  which  act  upon 

each  other  may  product)  an  opposito  result,  soinetimes  by  adhesion,  aome- 

nee  bv  afliuity. 

a.  By  Ail/iffion.     Wbeo  hydrogen  gas  is  passed  orer  black  oxide  of 

Iron  (Ft':'  0'),  the  oxide  is  reduced  to  the  state  of  metallic  iron,  and  a 

mixture  of  vtifMmr  of  water  and  free  hydrogen  gas  is  diachnrged  from  the 

end  of  the  luW.     But  if  vapour  of  water  be  passwd  <ivor  this  metallic  iron, 

the  metal  U  again  converted  into  black  oxidcj  and  a  mixture  of  hydrogen 

^gaa  and  uadccompoged   vapour  of  water  t&snes   from  the   tube.     Gay- 

!<U68ac  and  Reguault  (Ann.  Chim.  Pht/i.  1,33;  02,  372)  have  ahown  that 

hcM  opposite  results  are  by  no  meauH  produced  (as  some  have  supposed) 

'  difference  of  »eniperatare,  hut  that  at  every  degree  of  temperature  from 

dullest  to  the  brightest  red  heat,  and  even  when  red-hot  vapour  of 

'\»  paftiicd  through  the  tube,  the  action  takes  place  sometimes  ouo 

I  9otc«tinie8  the  other,  according  to  the  relative  i|uautilies  of  hydrogen 

and  vapour  of  water  present.     Hydrogen   has   perhaps   a  greater 

liiity  foroxyc*"!  than  iron  ha»;  but  at  a  red  heat,  tho  affinity  of  heat 

hydrogen  likewise  cornea  into  play,  so  that  an  equilibrium  fakea  place, 

wd  then  the  adhcdion  between  hydrogen  j^as  and  vapour  of  water  may 

lidoterniiue  the  preponderance.     If  hydrogen  gaa  is  in  excess,  its  adhesion 

to  rnpoqr  of  water  causas  formation  of  water  and  cousetjucnt  reduction  of 

iron  :  if  vapour  of  water  is  in  excess,  its  adhesion  to  hydrogen  gas  causes 

I'UiP  iron  to  deconipofe  part  of  the  water,  whereby  it  becomes  oxidized  ariid 

^Jibcrntc^  hydrogen  gaa.     In  either  case  there  ie  produced  a  mixture  of 

[Tivdrogen  g»»  and  vapour  of  water. — According  to  Despretz  {Ann.  Chim. 

r^*.  43,  222.  aI«o  Poifif.  Bf  15^}  zinc,  tin,  cobalt,  and  nickel  act  in  the 

I  manner  n»  iron;  and  according  to  HegnauU,  uranium  and  cadmium  do 

W  Ramc,  although  neither  of  them  decomposes  water  with  facility, — ■ 

Zinc,  tin,  and  iron  exhibit,  according  to  Regnanlt,  precisely  similar  rela- 

lionn  towards  carbonic  oxido  and  carbonic  acid ;  they  oxidate  in  carbonic 

kdd  gas  and  convert  it  into  carbonic  oxiilc ;  and  on  the  other  hand  their 

Idos,  when  heated  in  a  stream  of  carbonic  oxide  gas,  are  reduced  to  the 

li«tallic    state,  carb<mic   acid  being  at  the  fiame   time    produced.      To 

riplain  litis  action,  wo  must  suppose  adhesion  to  exist  between  carbonic 

Kidc  and  carbonit"  acid  gases. — Hydrogen  gas  passed  iu  great  excess  over 

|ut>to<ul{>hurct  of  tin  produces  tin  and  a  mixture  of  hydrogen  and  iiU- 
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phnretleti  hjdrogen  gamt.  (Eisner.)   Tin  hcsit«d  in  snlpharcttcd  hjdrogea] 

?is  prodiipea  protooiilplmret  of  tin  and  liydrogpn  pas  (Gay-I.ussac  dkl 
henard). — Hydrogen  gas  pASSod  over  red-hot  ckloridc  of  stlvci'  pisjdiicwl 
silver  and  hydTOcliloric  acid  gas  ;  on  the  other  Imml.  when  silrcr  is  hpnted  [ 
to  redtiasfi  in  bydrtR*hloric  acid  giis,  chloride  of  silver  la  jiroduccd  and 
hydrogen  gas  sot  freo  (Boussinjcan't,  Ann.  CMm.  Phyt.  54,  260),  Tb« 
dispoaiug  cause  in  this  raac  must  be  the  adhesion  betivren  Lydrwclilorie 
acicl  )|;ii»  and  hydrogen  gns. — If  earlxmato  of  linre  l)o  heate<l  in  a  tuho 
till  it  he^rins  to  give  ulf  carlwnic  acid  gtw,  and  the  lieat  1»  then  lowered  to 
e«ch  a  ik'gree  that  the  evolution  of  jfis  shall  cease,  it  will  tnimedialelv 
reconunoiice  on  pasfinj;  vapour  of  water  or  coinnum  air  throuffli  the  lube 
(Gay-Lussac,  Ann.  Chim.  Phji,  G3,  %\9,  Aho  Ann.  J'haiTn.  £2,  52).  In 
this  ease,  the  adhesion  belweeit  vapour  of  water  or  ottnospherie  air  and 
cftrbunio  neid  gas  enables  the  atilnity  of  heat  for  carbtmtc  acid  to  overcome^ 
even  at  a  reduced  tertiperature,  the  affinity  of  lime  fur  carbonic  acid. — 
Witlo  carbonate  of  lime  gives  up  its  carbonic  aeidivln-n  hcntcd  to  redness 
in  the  otron  air,  cjiiirk  lime  on  the  other  hn.ud  absorl>3  carbonic  arid  in 
great  nlmndawec  when  strongly  ignited  in  an  atmoejthere  of  that  gw 
(Petzholdt,  J.  pr.  ChfiA.  17,  4C4). — Carlwnic  acid  jpaa  passed  through  an 
aqueous  solution  of  bi-hydrosulphato  of  potash  drives  out  all  the  sul- 
phuretted hydrogen  in  the  form  of  gaa  and  forms  bicarlwnato  of  potaah; 
oil  the  coQlVary,  sulphuretted  hydrogen  gaa  expels  carbonic  aeid  from 
bicarbonalo  of  potash  and  forms  bJhydrosulphute  of  potash. — Metallic 
flnoridee  are  decomposed  by  uriueous  solntion  of  hydrochloric  acid,  and 
metallic  chlorides  by  aqueous  solution  of  bydrofliiortc  acid.  Hydrocbtoric 
acid  decoinposes  the  acetates  and  acetic  acid  the  mptallic  chlorides.  The 
decoitiposing  acid  must  always  be  addeil  in  vory  great  excess,  so  that  a 
luixtnre  of  the  decoinpuaing  and  separated  acids  iuny  be  evolved  in  the 
etato  of  gas  or  vapour  {Gay-Lussac,  Ann,  C/iim.  Pht/i.  30,  291,  also 
y.  Tr.  12,  2,  260).  In  these  cases,  therefore,  a  certain  influence  is  alwavs 
exerted  by  the  mutual  adhesion  of  the  elastic  fluids,  or  accordiiiji  to 
Drtlton's  theory  (page  22)  by  the  eirciinist,ince  of  ca<*h  of  the  tdfietic 
fluids  acting  as  a  racuum  towards  the  other. 

6.  lly  AJiniiy.     If  to  an  aqueou-s  solution  of  2  atom?  of  sulphate  of 
ammonia,  potash,  or  soda  there  be  added  1  atom  of  nitric  acid  (a  larger 

Suiintity  would  remain  uncombined)  tlie  smell  of  the  acid  is  completely 
estroyod,  and  when  tho  solution  is  loft  to  evaporate  epontaneouslf, 
nitrate  of  ammonia,  potash,  or  soda  crystallizes  out,  and  tho  raotbor-liiitilti 
coutnins  an  alkaline  bisulphate.  If  on  the  coutmry  tonn  afjueous  solution 
of  I  atom  of  nitrate  of  ammonia,  pota.sh,  or  soda  there  bo  added  2  atoms  of 
Buipburic  acid  and  hent  applied  to  the  mixture,  llie  whole  of  the  nitric 
acid  escapes  and  an  alkaliuo  bisnlphate  remaina.  One  atom  of  eulphnrjo 
acid  would  lake  up  only  half  the  alkali  and  drive  out  ontv  half  the  nitric 
aeid,  unless  the  action  were  assisted  by  an  elevated  temperature.  Heneo 
nitric  aeid  takes  from  neutral  sulphate  of  ammonia,  jHitasli,  or  soda,  the 
half  of  its  base  itnd  forma  a  nitrate;  the  nitmto  on  tho  other  hand  ia 
decomposed  by  excess  of  sulphuric  acid.  This  may  bo  explained  tui 
follows.  The  aboTL'-nanied  alkalis  can  combine  either  with  1  atom  of 
sulphuric  acid  to  form  neutral  sulphates,  or  with  2  atoms  to  form  bisnl- 
phatcB :  with  nitric  aeid  they  only  combine  according  to  equal  niimbera  of 
atoms.  Suppose  the  affinity  of  the  alkali  to  nitric  acid  =  .5,  to  tho  first 
atom  of  snlpliuric  acid  —  0,  and  that  of  the  ncnfiwl  ;ilk;iliue  euljdiate  so 
formed  to  the  second  atom  of  sulphuric  acid  ^  -  'n  nitric  acid  be 

added  to  a  Qentml  alkaline  sulphate,  either  onr'  sulpltate  will 
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mifi  un<{ecom]>u»e<),  affinity  =  fi;  or  ita  alkali  will  eombine  with  the  nitric 

i,  ttffintty  =s  5,  ami  its  suliilniric  acid  with  the  other  atom  of  neutral 

_  liale,  artinity  =  2;  the  mim  v£  these  affinities  ie  3  +  2  =  7,  and  since 

•<  7,  deconiposltion  takes  place  (Sck,  88).     The  alkaline  liisulphate 

itxii  formed  is  likewise  undecoitiposahle  by  any  excess  of  tiitric  acid, 

'it  is  held  together  by  the  affinities  6  -f  2  =  8,  and  the  nitric  acid 

_  m  it  only  with  an  afhuity  =  5.     If  therefore  on  the  other  hand  two 

itomp  of  eitlpknric  acid  act  upou  one  atom  qf  an  &lkaliti«  nitrate,  the 

Sittity  of  the  nitric  acid  for  the  alkali,  being  =.  5,  ia  OTercome  by  that  of 

'wna  of  sulphuric  acid  for  the  alkali  which  =  fj  +  2  =  8,  and  the 

fthe  nitric  acid  is  set  free  while  an  alkaline bitiulphato  is  produeed 

(Sek,  99). — Similar  relations  are  exhibited  by  hydrochloric  acid  towards 

tbe  sulphates  of  ammonia,  potash,  and  soda,  and  by  sulphunc  acid  towards 

lal-nmraoTiiac   and    the    chlorides   of    potaseiutn   and  sodium   (Hiehtor, 

Stiickiometru,  2,  237). 

2.  Prfdispoalti'/  ofinUtj  of  the  solvfnt.  Aqueous  acetic  acid  added  to 
carbonate  of  potai^h  dtsn-u^ge^  c^arbonic  acid  and  forms  scetsite  of  potash. 
But  if  the  Bolwtion  bo  evaporated  to  dryness,  the  remaining  acetate  of 
L  potash  dissolved  in  alcohol,  and  carbonic  acid  ^as  passed  through  the 
|iM>lattoti,  almost  all  the  potash  is  thrown  dovi-n  in  the  form  of  carbonate, 
»Qd  the  liquid  contains  acetic  acid  in  combination  with  alcohol  partly 
c«>nverted  into  acetic  ether  (Pelouze),  It  would  apftear  from  this  that 
alcohol  has  a  considerable  affinity  for  acetic  acid,  which  affinity  together 
with  that  of  carbonic  acid  for  potash  overcomes  the  greater  affinity  of 
acetic  acid  for  potash.  Thie  result  ia  usually  explained  according  to 
Borlbotlet's  theory,  tho  more  ingalnhlo  and  coherent  compounds  being 
supposed  to  be  most  easily  formed,  and  accordingly  in  this  caee,  the  car- 
boiiatu  of  potash  which  in  insolablo  in  alcohol.  Thia  theory  is  generally 
rtworteil  to  when  it  directly  appliea  and  pa^^sed  over  in  silence  in  cases 
which  contradict  it.  Why  doea  not  carbonic  acid  throw  down  carbonate 
of  lime  from  acetata  of  lime  dissolved  in  water,  inaemnch  aa  carbonate  of 
lime  IS  stjU  le&«  soluble  in  water  than  carbouate  of  potash  is  in  alcohol  t 
jver,  according  to  Pelouze,  carbonic  acid  does  not  docompose  chloride 
trontium,  chloride  of  calcium,  or  nitrate  of  copper  dissolved  in  alcohol, 
"STthon^rh  the  carbonates  of  atrontia,  lime,  and  oxide  of  copper  are  insoluble 
in  olccihol  as  well  as  in  water.  Thia  instance  likewise  shows  that  difficult 
ibility  and  great  cohesion  are  two  diUereut  things;  otherwise  carbonate 
otMD  wonid  be  at  the  same  time  a  very  coherent  salt  (in  relation  to 
alcohol)  and  a  very  incoherent  one  (in  relation  to  water). — The  aa«ertion 
p  of  Bcrtholk't  {Statiqvt  Chim,  1,  401)  that  a  moderately  dilute  solution  of 
H  cidoride  of  calcium  in  water,  depoeites  sulphate  of  lime  when  mixed  with 
^^■ttlphnrous  acid  and  afterwards  with  alcohol,  is  one  which  I  have  not 
^^^■pnd  to  be  condrmed.  Even  a  solution  of  chloride  of  calcium  in  obsotuto 
^pVKpliol  is  not  rendered  tarhid  by  aatii ration  with  sulphurous  acid  gas.  (Gni,) 
A  oolution  of  chloride  ot  sodium  and  sulphate  of  magnesia  when 
eniporated  to  a  gentle  beat;  deposits  both  salts  in  crystals  without 
alt*n»tion,  But  if  the  residue  be  pulverised  and  boileil  in  alcohol,  the 
according  to  Grotthus  {Schtr,  N.  BL  273)  takes  op  chloride  of 
_jum,  antl  the  teeidue  therefore  contains  Bulphato  of  soda  {Sck.  90). 
nling  must  however  bo  continuDd  for  a  bmg  time,  and  the  quantity 
^citloride  of  magnesium  obtained  is  very  small  (H.  Rose).  Since  alcohol 
Wf^  chloride  of  sodium  and  sulphate  of  magnesia  very  sparingly,  but 
lo  of  atftgnoaiiun  very  abundantly,  the  formation  of  tho  la^t-named 
tnny  be  duo  to  tho  predisposing  affialty  of  the  uJcoltol  for  itj  but  the 
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aduced  by  boiling'  witli  alcohol : 


nls 


itribt 


higfaer  tempciutui 
towanh  tlio  result 

VMiile  snlphatc  of  soda  and  cltloi-id*  of  calcium  dissolved  in  water  ara 
re.'cilved  by  mutusvl  tlycompositJcii  hiU>  clilorido  of  sodium  and  precipt" 
tntetl  sulphate  of  lime,  a,n  ar^ii^ou.-t  eolutimi  of  coinmoa  salt  and  fiJpbat 
of  lime  evaporated  to  dryness,  or  a  pulverized  mixture  of  the  two  saXt 
uioibtoiied  with  a  lar^  quantity  of  water  and  thtn  dried,  yields  chloiidol 
of  calcium  when  digested  in  boiling  alcohol,  while  sulphate  of  suda  may 
bu  extracted  from  the  residue  by  water.  {Seh  !I0,  substituting  Ca  for  Wg.) 
Unless  the  mixture  of  the  two  salts  be  moistene<l  with  water  and  th( 
dried,  no  chloride  of  calcium  will  he  extracted  from  it  by  alcohol  (DCl 
reiuerj  J.  pr.  Cfu-m.  1,  112).     The  reversing  of  the  affinity  is  perhaps 
prmluced  by  the  alcohol:  possibly  however,  as  Dobcrosuer  supposes,  tho 
afliuity  of  sulphate  of  lime  for  sulphate  of  scwla  (a  coinhination  of  ihaJ 
two  salts  occurs  in  nature  forming  tlie  mitieral  enllcd  Glauberite,)  maj 
cause  the  formation  of  a  small  quantity  of  the  doublo  salt.     By  iu«ltin^l 
the  two  salts  together  in  equal  numbers  of  atome,  we  obtain  a  hard  mas%| 
which  becomes  soft  and  ixfterwards  raoiat  by  exposure  to  the  air,  and  con- 
sequently contains  a  small  quantity  of  chloride  of  calcium.     These  tivol 
facts  aervo  to  ifhuw  how  it  happens  tliat  in  analysee  of  mineral  waters, 
when  the  residue  aftir  evaporation  is  boiled  in  aleoliolj  chloriile  of  maj;- 
ncisiiim  or  chloride  of  calcium  and  sulphate  of  eoda  are  frequently  ob- 
tained, though  the£«  substances  undoubtedly  existed  in  the  water  as  sul- 
phate of  lime  or  magnesia  and  chloride  of  sodium. 

If  1  jtart  of  carlmnate  of  potash  be  di-ssolved  in  at  least  10  parts  of  j 
water,  and  tho  solution  shaken  up  with  lluie,  ihe  carbonic  acid  is  taken] 
np  by  the  lime:  with  4  parts  of  water  however  no  decomposition  lakeaJ 
place:  on  the  coutrary,  a  strong  solution  of  caustic  potash  takes  carboiiifl 
acid  from  carbonate  of  lime  {Liehig,  Foffg.  24,  36;')).     The  aBinity  ul 
jiiitash  for  carbonic  acid  is  probably  greater  than  that  of  lime;  but  whes 
the  quantity  of  water  is  increased,  the  alfinity  of  that  liquid  for  potasl 
perhaps  increases  more  rapidly  than  its  alhuity  fur  carbonate  of  potashj 
and  thus  tho  first-mentioned  result  is  brought  about. 

Aqueous  sulphurous  add  dissolves  iodine,  forming  a  mixture  of  eul^ 
phurlc  and  hydriodic  acids;  but  if  the  quantity  of  water  in  the  solutioi] 
be  diminished  by  evaporation,  sulphurous  acid  is  evolved  and  bydriodiq 
atnd  containing  iodine  in  solution  is  left  Whind,  Siiuitiirly,  concentrat 
sulphuric  acid  and  hydriodic  acid  arc  resolved  into  sulphurous  acid  and 
iodine  {Sch,  91).  Hence  the  affinity  of  water  for  sulphuric  and  hydrio 
die  acidg  gives  rise  to  their  formation. 

The  following  eiperiracnt  of  Chevreul  also  shows  the  inflnence  of  th< 
solvent,  Exce.'js  of  water  abstracts  half  the  pnlasls  from  neutral  slcaraU 
of  potash,  and  forms  bi-titcarate  of  potash.  Ether  dissolves  stearic  acid 
from  neutral  stoarate  of  potasili,  and  separates  a  compound  of  stearic  acid 
with  excess  of  potash.  Water  hae  a  more  especial  afliitity  for  potasb,1 
and  ether  for  stearic  acid. 

3.  Difference  of  temperaturs  may  give  rise  to  reciprocal  affinity 
two  ways: 

(I,  At  high  temperatures,  the  affinity  of  heat  for  that  f  ubstanco  sim- 
ple or  compound  which  is  most  diBposod  to  fonu  a  gaseous  comjujund  with 
it,  often  coinci?  into  play  and  detcrraines  the  result.  Heat,  in  such  cases, 
nets  like  a  fourth  body  introduced. 

Peroxide  of  manganese  mixed  with  hydrochloric  acid  at  ordinary  or 
elightly  elevated  teniporaturcSi  gives  up  its  second  atom  of  oxygen  to  tbo 
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^f  tlt^  4ci<l,  SO  tliat  water,  cblorlne,  and  oblorlJe  of  niungnneiae 
nr  byrtroclilorate  of  protoxide  of  manganese  are  profluceil,  (A'cA.  (ii,  73.) 
If  oa  tUe  other  liand  clilorino  ga*  be  exposed  to  light  or  to  a  red  beat  in 
rciiklAct  wit]i  water,  hjdrocliloric  aeiil  io  formed  and  oxyjjen  gaa  evolved. 
At  one  time  therefore  oxygea  (in  peroxide  of  TnaBganesc)  takea  hydropen 
from  hydrockforic  acid,  setting  chlorine  free;  at  another^  chlorine  tates 
bydrogen  from  water  and  evolves  oxygen  gaa.  We  may  with  probability 
ftotiposc  that  the  affinity  of  oxygen  fur  hydrogen  is  greater  than  that  of 
cliluribt';  on  this  h^'pothesis  tho  explanation  of  the  first  (_*ase  ia  evident. 
On  the  other  baud,  heat  has  a  greater  afEnity  for  uxy^'en.  tlian  for  chlorine; 
for  chlorine  gas  has  been  liquefied  by  strong  jvrcsaurc, — which  oxygen  ha;s 
nnt.  Wien  therefore  beat  acUs  with  great  intensity,  Us  nlfinity  for  oxy- 
gen +  that  of  chlorine  for  hydrogen  efl'ects  the  decomposition  of  water, 

Pota.«Kimu  at  a  red  heat  decomposes  black  oxidu  of  iron  forming 
potash  and  metallic  iroo:  at  a  white  heat  on  the  contrary  potash  is  de- 
compctised  by  metallic  irou,  the  products  being  black  oxide  of  iron  and 
vapour  of  potassium.  In  this  cose  it  niu^t  bo  supposed  that  the  affinity 
vt  pota^siani  for  oxygen  is  greater  than  that  of  ironj  nevertheless,  at  a 
Mitite  hcfkt  the  affinity  of  heat  for  pota.'isium,  with  which  it  combines 
and  forma  a  vajioiir,  comes  iuto  play  and  determines  the  result. 

At  a  red  beat  potaasium  decomposes  carbonic  oxide,  fornnng  potash 
and  charcoal;  at  a  low  white  heat  charcoal  decoroposos  pota.9h,  producing 
(urboiiic  oxide  gas  and  potassium  vapour,  (t^'ck.  6,  suhsiitiiliii(/  K  for  Zn.) 
In  the  latter  cfk^c,  the  'weaker  affinity  of  carbon  for  oxygen,  ia  assisted  by 
tiiat  of  beat  for  carltonic  oxide  and  potjiasium. 

When  potash  (or  soda)  is  in  cotiibination  with  phoaphotie  8<:id,  boracic 
acid,  or  silica,  sulphuric  acid  will  separate  these  substances  at  ordinary 
ternp«ratQr«s  and  combine  with  the  potash  by  virtue  of  its  greater  alH- 
uity.  If  on  the  contrary  edjdiato  of  putaah  be  ignited  in  contact  with 
phosphoric  acid,  boracic  acid,  or  nilica,  these  acids  will  take  hold  of  the 
pQtimh  an  J  Bcpnrate  the  salplmric  acid  in  the  state  of  vapour.  In  thia 
ca^e  it  is  the  attinity  of  heat  for  the  voJatile  sulphnrio  acid,  with  which  it 
forms  a  vapiur,  that  enablea  the  much  weaker  affinity  of  the  above-men- 
tioned aci<Ls  for  potash  to  gain  the  mastery. 

When  carbonate  of  araiiionia  ii?  added  to  an  aqueous  solution  of  nitrate 
(if  liini',  nitrate  of  ammonia  and  precipitated  carbonate  of  lime  are 
fonncd.  But  when  a  mixture  of  nitrate  of  ammonia  and  carbonate  of 
lime  id  heated  above  100""  C,  carbonate  of  ammonia  volatilizes  and  nitrate 
nf  lime  remains.  {Sefi.  t>2.)  Hero  the  result  is  determined  by  the  affinity 
of  h*at  for  the  volatile  carbonate  of  ammonia.  Similar  relations  are  ex- 
Jijbittfd  between  ciirbonate  <d'  ammonia  and  chloride  of  calcium  in  the 
cidd,  and  between  aal-anitnoniac  and  carbonate  of  lime  at  a  higher  tern- 
jicrattirc.  For  a  similar  reason,  borate  of  ammonia  and  common  aalt  *ct 
upon  en<'b  other  only  at  a  high  temperature,  evolving  sal-ammoniac  iu 
the  (rtate  of  vapour. 

To  the  same  category  nmy  also  be  assigned  the  following  facts,  bo  far 
thev  may  prove  to  b*o  correct.  When  sulphuric  acid  acts  u;pon  zinc 
mder'  tho  ordinary  prcsanrc  of  the  atmoiijphere,  sulphate  of  zinc  and 
hydrogen  ga^are  t-volvcd  {S<-fi.  17);  bnt according  to  Babinet  {Ann.  Chim. 
}'h,j*.'21,  183;  aUo  y^o</r/,  12,  A23)  this  decomposition  ceases  when  the 
briir«"«8  in  conducted  in"  a  strong  copper  vessel   closed  by  a  stop  cock,  as 
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\K  the  dl.»t;ngaged  hydrogen  gas  has  atta.ined  a  certain  pressure;  at 

the  .iccomiMjsition  and  evolution  of  ga«  cease  'when  the  gas  presses 

'  fon-c  of  13  atmo.'jphereB-  at  25%  when  the  pressure  amounts  to  33 
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atmospheres.     This  seemB  to  sbow  that  the  affinity  of  sine  for  oxTgeD  + 
that  of  sulphuric  acid  for  oxide  of  xiao  is  less  than  the  affinity  of  hjdro- 


therefore  the  de- 
r  strong  presaare;- 


at  luT 


gen  for  oxygen  —  that  of  sulphuric  acid 

composition  does  oot  take  place  under  strong  presaare; — but  at  lower 
presaares,  when  tho  alSnity  of  heat  for  hydrogen,  with  which  it  forms  a. 
«M,  likewise  comes  into  play,  the  action  goes  on.  On  the  cootraiy, 
Jaraday  has  observed  (^m.  J,  o/Sc.  3,  474)  that  at  this  increased  pres- 
sure, the  decomposition  is  not  arrested  bat  merely  retarded,  because  the 
effervedcencQ  ceasea  and  with  it  the  motion  of  the  liquid,  by  which  the 
chemical  action  is  materiii,lly  assisted.  I  have  also  obtained  the  follow- 
ing reeulU  at  a  eumraor  heat  of  from  20°  to  30°  C.  (68=  to  86"  Fah.), 
uBing  very  thick  and  narrow  glass  tubes  5  inches  in  length.  On  filling 
the  tube  i  full  of  moderately  strong  hyJfochloric  acid,  introducing  & 
piece  of  zinc  just  alwve  the  acid,  sealing  the  tube,  and  laying  it  in  a  hon- 
zontal  position,  it  hurat  aft-er  four  hours  with  a  violent  explosion.  Now 
since  a  tube  of  equal  strength  i*  capable  of  holding  liquid  carbonic  acid  at 
25"  C.  without  bur&tiug,  and  tlie  elasticity  of  carbonic  acid  at  tliat  tem- 
perature amouuU  to  50  atmospheres,  that  of  the  hydrogen  gas  in  tlie 
experiment  juat  described  must  have  exceeded  50  atmospheres.  Wheu 
a  similar  experiment  is  made  with  a  mixture  of  1  part  of  oil  of  vitriol 
and  8  of  water,  the  tube  does  not  burst  even  when  left  in  the  horizontal 
position  fur  several  weeks  and  placed  upright  every  day.  On  cutting  off 
the  end,  the  gas  escapes  with  a  slight  detonation  without  bursting  the 
tube,  and  the  acid  is  found  to  be  nearly  saturated  with  zinc.  This  aeema 
to  abow  that  the  decompoaitjou  ia  not  arrested  by  strong  pressure  but  only 
retarded. 

The  following  experiment  (recorded  in  Berteliua's  LArbuch,  5,  9)  is 
also  connected  with  thitt  mittter.  When  pieces  of  carbonate  of  lime  aro 
placed  in  a  strong  glass  vessel,  a  somewhat  dilute  acid  poured  upon  them, 
and  the  vessel  closed  air-tight,  the  solution  ceases  after  a  time,  and  the 
lime  is  no  longer  attacked  for  whatever  length  of  time  it  may  be  left  in 
the  acid;  but  on  opening  the  vessel  the  lime  is  iu  a  few  minutes  com- 
pletely dissolved.  From  this  it  might  be  inferred  that  the  affinity  of  car- 
bonic acid  for  lime  Is  greater  than  that  of  sulplmric,  nitric,  or  hydrochlo- 
ric acid,  that  these  acids  decompose  carbonate  of  lime  only  under  com- 
Earatively  small  pressure,  when  tho  action  la  apssisted  by  the  affinity  of 
eat  for  carbonic  acid  with  which  it  forms  a  gas, — that  at  strong  pressures, 
ou  the  contrary,  carbonic  acid  would  expel  these  acids  from  tWir  corabi- 
uationa  with  lime.  {Sc/i.1'2.)  But  hydrochloric  acid  of  moderate  strength 
exhibits  a  different  relation  from  this,  at  least  according  to  my  experi- 
ments. A  quantity  of  acid  like  that  above  mentioned  having  been  swed 
np  in  a  tube  together  with  an  excess  of  ealespar,  the  tube  laid  borixoa- 
tally  but  turned  upright  every  day  in  order  to  renew  the  poinU  of  con- 
tact, the  liquid  was  fonnd  after  14  days  to  be  covered  with  a  highly  move- 
able  film  of  liquid  carbonic  acirl,  2  tines  in  thicknena.  Da  cutting  uB*  the 
point,  the  upper  half  of  the  tube  burst  with  a  loud  report,  and  the 
remaining  liquid  was  neutral  to  Litmu«>paper.  This  experiment  showa 
that  hydrochloric  acid  decomposes  carbonate  of  lime  even  under  a  pres- 
sure at  which  carbonic  acid  becomes  liquid,  and  therefore  that  the 
affinity  of  hydrochloric  acid  fur  Ume  is  greater  than  Uiat  of  carbonio 
acid- 

Lastly,  with  reference  to  this  subject,  we  may  mention  an  experiment 
of  Petihoid  (■/.  pr.  Chart.  17,  484),  according  to  which  pulverized  qunrU 
healed  to  whiteaees  in  an  open  v(rasel  with  an  equal  weight  of  carbouate 
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lini0  ospela  tba  cafbonic  acid,  bat  produces  uo  such  effect  wlieo  tlia 
bixtnra  is  heated  in  a  etroDg  closed  iron  veEi«cl.  To  ttiia  case,  it  may 
ritt  great  probability  be  suppoaed  that  tbe  affinity  of  silica  for  lime  la 
reaker  tbim  tbat  of  carbonic  acid^  and  tbat  tbe  fonnatioa  of  silicate  of 
ime  lakee  place  only  when  the  action  ia  aeaiated  by  the  affinity  of  boat 
'or  carbonic  acid. 

fy.  In  otlter  cases,  difference  of  temperatare  appears  to  modify  the  re- 
fnli  in  consequence  of  the  cohesion  (or  afiinityl)  of  bodies  increasing  and 
liminisbiuf  in  different  degreies  at  lower  anil  bigber  teraperatare*, — and 
lere  in  mrticular  Bertbollet's  law  regarding  tbe  decomposition  of  salta 
iy  duuble  affinity  finds  its  application. 

A  solution  of  common  salt  and  i^ulpbate  of  magneaia  eraporated  at 
Krdinarr  temperatures,  or  a  little  above,  allows  both  salts  to  cryatalliie 
nt  anutered  (page  127);  but  at  0°  C,  or  at  lower  teniperaturea,  as  was 
OB  ago  observed  by  SebeeJe,  hydratetl  sulphate  of  fcoda  crystalliaes  out 
xftbe  solution  retatUH  chloride  of  niagneaium;  on  gently  warming  tbd 
~wbo)e,  coRiinon  salt  and  i<ulpbate  of  magnesia  are  again  obtained.     But 
above  50°  C.  (122°  Fab.)  the  solution  again  deposits  sulphate  of  soda, 
though  in  tbe  anbydrous  state.   (H.  Rose,  I'oiJf/.  30,  ISO.)     These  rosnlta 
may  be  explained  by  tbe  different  eohibilit^-  of  sulphate  of  soda  at  dif- 
ferent temjteraturea:  at  0^  C  one  part  of  suJpbato  of  soda  requirea  S2 
puta  of  water  to  dissolve  it,  at  33°  tbo  snialle*.!  quantity,  viz,  033,  and 
bt  ,50-4°  Ajgain  0*38  parts.     Below  0°  and  above  .SO"  tbe  solubility  mvut 
Bke  considerably  less.     Since  now,  according  to  Berlliollet'e  law,  tbe  lea^t 
^Bkible  aalt  is  always  produced,  eulphate  of  soda  fleptirates  both  below  Q" 
^HIft{K>ve  50%  becauije  at  these  extremes  of  temperature  its  solubility  is 
'  Imb  than  that  of  conrnion  salt  or  sulphate  of  magnesia;  at  medium  tem- 
iimturcs,  on  tbe  contrary,  at  which  aulpbatc  of  soda  is  more  soluble  than 
moQ  salt  or  suljdtaty  of  magneaia,  tbeae  salts  remain  unaltered. 
In  a  siraifar  manner,  sulpbate  of  soda  and  chloride  of  potaasium  dis- 
ilvcJ  together  in  water  resolve  themselves,  at  ordinary  temperatures. 
Into  sulphate  of  potash  and  chloride  of  sodium,  whereas,  according  to 
Hahnemann  and  Hichter  (Stiich.  2,  224)  a  solution  of  tbe  last-named  salts 
—  ■JO'C  (  —  4°  Fab.)   deposits  sulphate  of  soda.     At  ordinary  tempe- 
tareid  Huipbate  of  potasb,  at  low  temperatures  sulphate  of  soda  is  tbo 
soluble  salt.     According  to  Constantini,  alum  and  common  salt  yield 
stals    of  GJaviber's   salt   at    freezing  temperatures,   and  according  to 
•hncmaoD,  Glauber's  salt  crystallixes  at  very  low  temperatures,  even 
m  a  mixture  of  saturated  solutions  of  gypsum  and  common  salt. 
Tbe  ciplanatiou  of  the  following  cases — by  supposing  a  dispropor- 
onato  alteration  of  cohesion  to  bo  produced  by  change  of  temperature — 
not  tjnite  so  salisfnctory. 
An  aqueous  solution  of  sulphate  of  lime  givea  with  chloride  of  barium 

Irtecipitate  of  sulpbato  of  baryta,  while  chloride  of  calcium  remains  in 
ution.  {.SVA.  62.)     If,  on  the  other  hand,  chloride  of  calcium  be  fused 
tb  sulpiiate  of  baryta,  a  mixture  of  sulphate  of  lime  and  chloride  of 
rinni  is  formed,  tbe  latter  of  which  may  be  removed  by  rapidly  boiling 
ft  powdered  mass  in  water  and  filtering;  but  by  longer  standing  nndcf 
nltr  (bf  whole  would  again  be  converted  into  sulphate  of  baryta  and. 
f  calcium.     Ums  the  affinity  of  water  for  chloride  of  calcium 
>'■  to  this  result  1 
Sulphutu  of  baryta  ia  decomposed  both  by  fusion  with  carbonate  of 

hand  by  boiling  with  tbo  ncjucout)  solution  of  that  salt  (tliongb  but 

Imperfectly),  yielding  carbonate  of  baryta  and  sulpbate  of  soda;  on.  tVi^a 
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contmry,  a^  Kolreuter  bsw  stowTi,  carbonate  of  baryta  Is  decomposed  by 
digeation  with  aolpbate  of  soJa  at  ordinary  terapemtures,  tbe  producta 
being  sulpliatc  of  baryta  and  carbonate  of  soda. 

A  dilute  solution  of  nitrate  of  lirae  reinain*  clear  wlicn  niiKed  wilb  a 
solution  of  sulphate  of  soda,  but  deposits  sulphate  of  lime  whea  warmed. 
(Pcraoz.) 

A  solution  of  alnni  does  not  become  turbid  wlien  mixed  will  very 
small  iiuanlities  of  carbonate  of  limo  or  eoda,  but  on  evaporatioa  at  a 
frentle  beat,  yields  crystals  of  cubic  alum.  But  wli(<n  more  slroagly 
heated,  the  solution  becomes  turbid  and  depo&its  basic  sulphate  of  alo- 
iiiina  wlireh  reJisJwdves  as  the  solution  cools. 

A  solutiou  of  pure  acetate  uf  alumina  does  not  become  turbid  on 
heating,  but  undergocfl  that  change  if  it  contains  sulphate  of  ammonift, 
iwtash,  eoJa,  or  magnesia  ;  a  fainter  turbidity  is  produced  by  the  addition 
of  nitrate  of  potaah,  none  by  the  addition  of  nitrate  or  acetate  of  Iraryta, 
chloride  of  calcium,  or  acetiitu  of  lead.  The  precipitate  wldcti  c^nsietfi  of 
hydrate  of  alumina  disappears  when  the  solution  is  cooled,  and  appears 
astain  on  heatinir.  (Gay-Lussae,  Ann.  CMm.  74,  103,  also  .S'cAw,  5,  49; 
fJrthcr,  Ann.  Chim.  Plnp.G,  201,  also  Schw.  21,  96.) 

Persulphate  of  iron  raised  with  acetate  of  potash  deposits  liydrated 
peruxidc  of  iron  un  boiling.  ^H 

An  aqueous  mixture  of  borate  of  soda  and  sulphate  of  magnesia  yields,  ^| 
on  application  of  heat,  a  precipitate  of  borate  of  magnesia,  which  however 
disappears  each  time  ou  cooling. 

Metallic  siWer  takes  oxyi.'eu  from  persulphate  of  iron  dissolved  in 
water,  when  boiled  in  the  lit|uid,  so  that  a  solution  is  formed  contaiuing 
sulphate  of  silver  and  prntosidphate  of  iron  ;  but  on  cooling,  all  the  silver 
is  reprecipitated  in  the  metallic  !>tate,  and  the  solution  once  more  contains 
sulphate  of  peroxide  of  iron.  {Sch.  94.) 

In  many  other  cases  the  occurrence  of  reciprocal  affinity  is  only 
apparent. 

When  aramouia  is  added  tn  neutral  sulphate  (nitrate  or  hydrocblo- 
rate)  of  magnesiii,  it  is  taken  up  and  magnesia  precipitated;  on  the  other 
Uand,  ma;|nesia  espels  ammunia  from  the  neutral  sulphate  (nitrate  or 
hydrofhlorate)  of  ammonia  and  is  itself  dissolved.  In  both  cosea  bow*^| 
ever  the  decomposition  is  only  half  e-omplete,  in  whatever  excess  the^^ 
ammonia  or  magnesia  may  bo  added.  In  the  first  case,  half  of  the  sul- 
phate of  maguesia  remains  andocomposed  and  iinitea  with  the  sidpiiate  of 
ammonia  in  the  form  of  a  double  salt  cnutriining  2  atoms  of  sulphuric 
acid,  1  atom  of  ammonia,  and  1  atom  of  magnesia;  in  the  second,  half  of 
the  ammotiiacal  salt  remains  undeconiposed,  and  fonus  the  samo  double 
salt  with  the  sulphate  of  magnesia  produced.  {ScJi.  flj  and  96.) 


Nitric  acid  added  to  chloride  of  potas.*iuui  forms  nitrate  of  pota-sh,  ^| 
and  sets  hydrocbloric  acid  free ;  on  tlio  other  hand,  nitrate  of  potash  '\a  ™ 
converted  fiy  excess  of  hydrochloric  acid  into  chloride  of  potassium.     The 


affinity  of  pota'faium  for  cmygea  +  that  <'f  chlorine  for  hydrogen  +  ihati 
of  nitric  acid  for  potash  ie  undoubtedly  greater  than  the  affinity  of  poCas- 
Bium  for  cblorino  +  that  of  hydrogen  for  o.\ygen ;  and  thus  the  drst  ca^d 
explains  itself.  {Sch.  07.)  I^  on  the  contrary,  nitrate  of  potaah  is  to  bo 
Converted  by  hydrochloric  acid  into  cblflride  of  potasatum,  a  jjreat  exccs» 
of  the  acid  must  be  u^cd  and  heat  be  applied:  aolMTer  the  excels  oi 
hydrochloric  acid  doeii  not  expel  the  nitri        '  '  'n  t^^      Ici    '  butJ 

the  two  together  are  resolved  into  hyp'  I,  indj 

watCT.  (.?c^.  98.)     Thus  it  is  not  iiilrio  actU  liii*  W'.nkvr  laypo 
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nitric  »dd  that  is  driven  out  by  tbc  liyJrot'hIoric  acid.  Nitric  acid  sepa- 
n(C8  an«t)iuae.  aciti  froni  itn  »r|Ucous  solutioa  of  arsenitc  of  potasb;  but 
wben  nitrate  of  potash  is  ignited  in  contact  with  araenious  acid,  nitrons 
acid  16  evolved  ami  arseniate  of  potat^b  formed.  In  this  case,  tUo  stronger 
nitric  arid  is  converted  by  loss  of  oxygen  into  the  weaker  nitrous  acid, 
while  on  the  contrary,  tbe  weaker  arseuious  acid  is  by  access  of  oxygen 
converted  into  the  stronger  arsenic  acid.  Tbc  affinity  of  areenious  acid 
for  oiygcn  +  that  of  arsenic  acid  for  potstisb  overcomes  the  albnity  of 
nitrous  acid  for  oxygen  -f  that  of  nitric  acid  for  potash.  {Scft.  90.) 

The  existence  of  reciprocal  affinity  lias  iilso  bei-n  inferred  from  tbo 
bet  that  certain  salts,  which  when  dissolved  in  a  small  quantity  of  water 
decompose  one  another  by  double  affinity,  producini^  a  precipitate  of  a 
difficultly  soluble  salt,  give  no  precipitate  in  more  dihits  solutions, — 
althongh  the  quantity  of  water  present  would  not  he  sufficient  to  bold  in 
solution  the  less  soluble  salt  which  maybe  produced  by  tbcdeconipoBition, 
if  it  existed  in  the  eeparate  state.  For  example^  sulphate  of  lime  requires 
about  400  parts  of  water  to  disssolve  it;  but  chloride  of  calcium,  dissolved 
in  about  200  parts  of  water  (which  would  produce  more  than  an  equal 

nantity  of  wulphate  of  lime)  gives  no  precipitate  with  sulphate  of  potash. 

'any  chemists  conclude  from  this  that  when  this  large  quantity  of 
it«r  is  present,  the  chloride  of  calcium  is  not  decomposed  by  the  sul- 
ate  of  potash,  eince  ifsnliihato  of  lime  were  formed,  more  than  half  of 

t  would  be  precipitated.  But  it  is  simpler  to  suppose  that  the  formation 
of  julpbato  tif  iimo  tiikes  place  even  in  thia  case,  but  that  the  presence  of 
the  chloride  of  potaasium,  which  i.s  formed  at  the  same  time,  renders  it 
more  soluble  than  it  otherwise  would  1«?,  Similarly,  it  waa  long  eince 
observed  by  Giiyton-Worveau  that  lime-water  rendered  turbid  by  passing 
carbonic  acid  gas  through  it  becomes  clear  again  on  tbe  addition  of 
antpbatc  of  jiotash  or  cblotido  of  potas^iuni,  as  if  the  presence  of  these 
wit^  rendered  (ho  carbonate  of  lime  more  eolulilo:  and  Kareten  (^Sckrijh 
d.  Berl.  Akaf}.,  1S41)  ha.s  shown  that  many  easily  soluble  salts  are  ren- 
dered moresolubJo  by  the  addition  of  other  salts.  These  mutual  affinitiea 
of  ealts,  and  the  greater  solubility  in  water  thereby  produced,  explain 
the  occurrence  of  carbonate  and  suI]>hato  of  lime,  carbonate  of  magnesia, 
fitc,  io  miMerj]  waters,  in  quantities  greater  than  pure  water  could  dis- 
eoKe ;  eo  that  this  phenomenon  by  no  means  renders  it  necessary  to  sup- 
jKxwt  that  s\w\\  waters  contain  <yalfs  which  are  incompatible  with  each 
Other,  1.  «.,  which  at  the  given  temperature  would  decompose  one  another 
and  form  a  precipitate,  if  the  quantity  of  water  present  were  saialler. 
Comp.  Berthullet  (iSfatique  Chim.,  1,  103,  and  129);  Braudee  (Schw.  43. 
153;  40,433.) 

Many  other  facts  relating  to  the  theory  of  reciprocal  affinity  but 
requiring  more  accurate  investigation  may  be  found  in  Scbcele  (Opusc.  1, 
i23);  (Jroltbii^s  (Sv/ier,  A'',  hi.  Iiri);  N.  Fischer  {Foitg.  7,  263);  Ber- 
Ibollrt  {Staii'fue  Chm,  1,  81,  00,  lOO,  401)  and  IJulong  (^nn,  Chim.  82, 
'  .1,  »Uo  Sdm.  5,  .369).  In  the  experiments  of  the  tast-naraed  philoso- 
icr  OU  tJie  decomposition  of  insoluble  by  soluble  salts,  variation  of  tem- 
lorei,  which  might  have  produced  opposite  results,  doe.'s  not  seem  to 
tltecTi  sufficiently  attended  to. 


2.  Cireunutanees  and  SeauJts  of  Dtcomptmtion. 

a.  Chanffe  of  trmperatitre.     Since  beat  la  generally  eet  freo  in  the 
oouihifuition  of  bodicN,  an  equal  quantity  of  heat  most  also  hecome  latent 
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at  their  decomposition,  NeTertbeleas  mo«t  dcconip<iaitions  are  aeeom- 
pftnied  by  rise  of  Icmjieraturn  aomotimpn  ainfmntinjr  to  t!ie  iniwt  ririd 
corabustiou.  Wilb  rcfLTcuctj  to  ibis  matter  tlio  fuUowing  ca*efi  maxi  ha 
iliatiuguisbed : — 

A.  When  jToroxide  of  hydrogen  is  docompoaed  by  beat  or  W  lie 
contftct  of  jjulverized  bwliea  into  water  and  oxygon  gae,  a  great  die*!  of 
heat  and  evcu  light  is  developed,  notwithtitaiidiag  that  a  con^idenbl* 
quantity  must  be  rendered  tattpiit  in  tiie  foroiatiou  of  the  ^ns.  This 
rcninrkabic  inattince  leada  us  to  suppose  that  in  Ibe  formation  of  thi»  very 
loosely  united  compound  beat  is  not  set  free  but  rendered  latent,  that  in 
fact  oxyyen  gas  -f  beat  enters  into  oonibinntinii  with  tbe  water. — A 
similar  constitution  may  exist  in  certain  metallic  liromates  whicb  wlun 
Leated  ace  resolved  wilb  sudden  ineaude^ceneo  into  a  metallic  bromide  and 
oiygen. 

^,  When  bodies  fleparate  in  the  «)lid  form  from  their  solution  in  a 
liquid  or  a  gas,  in  consequence  of  their  cohesion  being  increased  by 
cooling,  a  development  of  heat  takes  place?,  the  beat  of  fluidity  which  toa 
bodies  bad  previouslv  absorbed  in  tliei  art  of  solution  being  set  free. 

y.  Mosit  decompositions  take  place  in  consequence  of  weaker  affinitiet 
beini;  overcome  by  stronger  ones.  Now  even  if  beat  lie  rendered  laten 
by  the  destruction  of  tho  compounds  produced  by  the  weaker  quieeoent 
affinities,  a  etiil  ifreater  quantity  inut>t  neverlhelesa  be  set  free  in  conse- 
quence of  tbo  neutralisation  of  tho  stronger  docomp&aing  affinities,  and  the 
nse  of  temperature  attending  tbo  deconipoaition  marks  the  diflerence 
between  these  two  qimntitie*  of  beat. — If  A  tli>voloi>e  a  quantity  of  heat 
=:  2  in  combining  with  B,  and  =  3  in  combining  wilU  C,  then  in  ths 
decompogitioii  of  A  B  and  formation  of  A  C,  a  quantity  of  boat  mu*t  be 
developed  =  3  —  2  =  1. 

LQwering  of  Temperature  takca  place  when  gaseous  products  of  decom- 
position are  eroKeil  from  solid  or  liquid  compounds,  an<l  the  abeorptioo 
of  heat  thereby  produced  is  not  compensated  by  a  development  of  bcal 
nsulting  from  the  furmatton  of  new  compoumlis, — The  escape  of  earbonio 
acid  ga«i  from  wiiter  charged  with  it,  on  diminisding  the  pressure,  is  accom-i 

Sanied  by  diminution  of  temperature;  on  tlie  contrary,  when  this  ga«  i« 
iseiigaged  from  a  solution  of  carbonate  of  Buda  by  the  addition  of  fiul.^j 
phuT>c  acid,  a  slight  rise  of  temperature  is  produced. 

[On  tho  development  of  Electricity  by  cLeniical  docotnposition,  vid, 
EUctricit^.^ 

6.  The  time  iu  which  decomposition  takes  place  depends  chiefly  oa 
the  circumstances  noticed  on  page  30.     If  one  of  ibc  products  of  deoom- 
poaition  is  gaseous  and  lias  to  make  its  escape  from  a  liquid,  the  deeom 
position  is  accelerated  by  tho  presence  of  angular  bodies. 

e.  Qualitative  allJtration.  Every  decomposition  results  in  tho  prt>duc- 
tion  of  at  least  two  heterogeneous  substances  or  products  of  docomfKisitiou, 
which  may  be  either  solid,  liquid  or  gaseous,  and — so  lon^  oa  ilicy  do  not 
separate  by  virtue  of  their  difiTerent  specific  gravities — produce  a  cloudy, 
opaque  miiture. 

If  the  decomposition  is  attended  with  the  formation  of  g.i£eaus  pro- 
ducts^ effervescence  and  exploi<iDn  may  ensue. — Efervactnce  or/rolhlnff  it 
produced  wben  a  gaseous  body  is  continualH'  developed  and  rises  up  in 
bubbles  during  the  decomposition  of- a  llquiJ^— CHbM|ta^  potaeh  aai* 
stdphuric  acid.  '^^^^^~' 

In  Srplotion,  Btionaitan  (or  Fnfftnff.  when  I  ]•  liiinter)   a 

gweooB  product  of  decomposition  (orMretal)  Mf*  huMt  instantly 
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ft  solid  (f.ff.  falminating  silver),  a  liquid  (chlnride  of  nitrogen)  or  a 

C(  (oiideof  cliloriod) — and  in  endcavourijij^  to  expand  iteeif  into  tbp  much 
fer  f plume  corresponding  to  iU  elarticity  (often  t^reatlj  increased  by 
ti»  of  temperature)  forciblv  presses  back  the  air  and  other  objerts,  pro- 
dnetog  detonation  and  breaking  the  solid  boiiics  in  its  neighbourhood, — 
E»*n  gns«oii9  cumpotind*,  auch  as  oiide  of  chlorine,  may  be  decomposed 
irith  explc^ioQ,  if  the  separated  oiementSj  such  ae  chlorine  nnd  oxyg;en 
gmae-s,  take  up  a  larger  volume  than  that  oecnpied  by  the  compound. — 
The  production  of  light  which  accompanies  so  many  of  these  explosiona 
leften    procceda   from  this  circumstance, — that  ^eat  heat  is   developed 
fin  the  decomposition  in  conacq^iience  of  the  formation  of  more  intimate 
^ComjH>undit,  as  in  thoexplojsion  of  gunpowder,  detonating  powder,  itc.  and 
'  this  higher  temperature  imparts  to  the  gases  and  vapours  at  the  moment 
of  their  production  a   proportionately  increased  elasticity,  and  thereby 
itrengtbens  the  explosion.     lu  the  decompoBition   of  oxide  of  chlorine, 
|«hIoride  of  nitrogen,  iodide  of  nitrogen,  itc,  which  appears  not  to  ha 
vtiiewAtal  with  a  rise  of  temjieratnre  amounting  to  ignition,  the  develop- 
ment of  liffht  may  perhaps  be  explained  by  the  violent  compression  of  the 
lir  around  tbo  exploding  body. — Tiie  theory  of  the   detoiiatiou  of  an 
plosive  mixture  proiwnndcd  by  Brianchon  {BiU.  univ.  28,  393)  him 
Mt  bHowii  by  Gay-Lu^eac  (4n».  Vhim.  Pht/f.  29,  53)  to  be  untenable. 
I'BSttger  haa  also  ahown  (Awn.  Pkarm.  29,  75)  that  the  explosiva  foroe 
f\l1minatiDg  silver  in  equally  Strong  in  all  directions. 
When  several  lupttd  proiliufs  result  from  a  decomposition,  they  form 
1  turbid  mixture,  until  tUey  have  taken  up  the  determinate  relative  post- 
tioo*   corresponding   to   their   diHerent   sjiecific  gravities: — Volatile  oil 
•ii&solved  in  alcohol  with  water, 

\Vhen  in  the  decomposition  of  a  liquid  or  gaseous  body,  solid  prodtiett 
ire  fomifd  and  sink  to  the  bottom  in  consetjuence  of  their  greater  specific 
parity,  tlicy  are  called  Prenpitfilft,  and  a  decompositjou  of  this  kind  is 
mlM' Pffcipitiition, — Siioutaneotis  FredpUaiimi,  {Fneeipittttio  tpontanea) 
irhcn  the  separation  of  tbo  soli<l  body  takes  pla^e  merely  from  change  of 
(^'tnpe  rat  tire  (page  113) ; — Forc-d  PrfcipHathn,  (Prtscipitali^  coatta)  wh^u 
if  :  1>riiijglit  about  by  the  a^ldition  of  another  ponderable  body,  the 
'  (Pr'feipifftn*).  If  the  eolid  product  of  decorajHisition  is 
,  y  lighter  than  the  liquid,  it  is  separated  as  a  Scum  (Cremor), — 

The  procipftato  and  the  scum  may  be  either  edncta  or  prodncta. — Lime 
prccipttiite  from  lime-water  by  alcohol  ia  an  edact;  Dxalate  of  lime  pro- 
cipttatcd  from  lime-water  by  oxalic  acid  is  a  product. 

The  atoms  of  the  solid  product  of  decomposition  unite  themselves  at 
the  moment  of  their  separation  or  formation  into  larger  roaEses,  which 
however  possess  various  magnitudes  and  furms  depending  chiefly  on  the 
tmtnro  of  the  bodies,  so  that  to  a  certain  extent  the  nature  of  the  precipi- 
tati-  mtiy  he  inferred  from  its  ontward  appearance:  coneiderablo  influence 
iw  howevei  exerted  by  the  time  in  which  the  precipitation  takes  place  and 
the  degree  of  dilution  of  the  liquid.  Tlie  following  forms  of  precipitates 
m&y  be  particularly  distinguished, — ^and  of  these  the  first  two  muet  be 
vgsnied  a«  anaqdious,  the  otbora  aa  oryatiiUine;  Floeenhnt;  aggrega^ 
in  large,  lor.sf,  threadlike  masses:  alumina,  hydrated  peroxide  of 
phnppfuitc  of  lime. — ('urdy;  in  this  fiirm  the  moBses  are  still  larger 
lusTf  den"«i'  and  solid,  but  etill  uncryatalline  i  chloride  of  silver  as  it 
ited  from  noluttons  of  ailver-salts  by  hydrochloric  acid;  casein 
^  I  ted  from  milk  by  an  a«id. — Ftdt'trulent ;  the  atoms  are  united 

in  •in»ii,  imperfectly  crystalline  maaees:  solphateof  baryta  aa  precipitated 
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hy  sulphuric  a^id  from  eolations  of  baryta-saJte ;  silver  as  precipitated  by] 
protO'Biilphate  of  iron  from  nitrate  of  silver .•^-fi'rantf/ar,-  coarsely  p«lvc-J 
ruicnt  masses  hnvinp  ii  tnore  disttnct  rryatalline  f  humcter :  sulphate  of  I 
pot&sli  ns  precipitated  by  c^utphurjc  acid  from  acjueoue  eulution  of  carlto- 
nate  of  potash. — Afborexc^nt;  the  union  of  a  great  nninber  of  individual 
ci^stals  into  larger  nimided  masses:  metaUk  trett. 

V.  Maonitcbe  OB  Strejkih  or  Appinity, 

There  mn»t  exist  a  relation  inerpressible  in  nombers  between  th«' 
magnitude  of  chemi(»l  affinities  :iad  tlios<e  of  other  natural  forces,  gucli  as 
gravitation ,  adheaion,  or  coLesion. 

Absolute  UrenqtA  of  affiniti/.—A  solution  of  niti^  saturated  while  vrano 
deposits  part  of  the  nitre  at  0    on  account  of  increasing  cobesion.     Now 
eiippoaing   we   were   to  determine   what    euH]»ended   weight  would    be 
required  to  break  a  crystal  of  nitro  of  a  given  thickne-&g  at  0';  then  this 
weight  would  express  the  affinity  of  llio  water  saturated  with  nitre  at  0' 
for  more  nitre :  fnr  after  the  crystallization  at  0"'  has  ceased,  this  affinity 
is  in  equilibrio  with  tlie  cohesion.     A  dmilar  process  might  be  adoptod 
with  other  bodies  soluble  in  water,  the  cohesion  being  always  detartiUDe<l 
with  reference  to  a  crystal  of  given  thickness.     On  the  same  principlo  i 
Lavoisier  and  Laplace  proposed  to  bring  an  acid  of  various  degree*  uf  1 
strengtb  into  contact  with  ico  at  difTereut  temperatures  below  0"^,  and  to  i 
enquire  at  wliat  dcjeree  of  cold  and  at  whnt  dilution  the  acid  ceased  tu  i 
exert  any  solvent  power  on  the  ice,  and  cougetjuently  ita  affinity  for  the  i 
ice  became  exactly  equal  in  force  to  the  cohesion  of  that  6ubstanc«-^-and 
thus  to  reducd  the  affinity  of  the  acid  for  the  ice,  at  diB'erent  atatee  of  coU'  j 
centratioD,  to  degrees  of  the  tkcrinomctcr,     A  similar  method  tuight  boJ 
adopted  with  various  salts  and  ice:  since  for  example  common  salt  ceases J 
to  act  on  ice  at  —  20"  C,  bnt  chloride  of  calcium  not  till    —60".  tiiel 
affinity  of  the  latter  for  water  tnnst  He  much  gn-alcr  than   that  of  tb« 
former.     But  ttese  metliods  only  eniible  us  to  dL>terniiiie  the  weight*  or 
degrees  of  temperature  by  which  the  wesikest  and  least  important  affinities  ] 
may  be  expresa*d.     All  afliiiitiea  wlilch   Imve   any   considerable   valuo 
exceed  the  force  of  cohesion  to  such  a  degree,  that  comparison  between 
the  two  powers  becomes  impossible. 

For  the  present  we  must  content  ourselves  with  an  approximate  deter-  I 
mination  of  relative  strenfft/i  of  ajfmity,  i.  e.,  of  the  proportion  which  indi- 
vidual magnitudes  of  affinity  bear  to  one  another  without  reference  to  | 
other  natural  forces.  Perhaps  we  bball  some  day  be  able  to  affix  a  certain 
relativR  number  to  each  particular  niaguitu<lo  of  affinity;  at  present,  how- 
ever,  we  are  contented  if  we  can  determine,  with  some  degree  of  certainty, 
to  what  order  the  affinities  of  different  bodies  fwr  a  given  body  euooe^ 
one  another  with  regard  lo  their  streugth, 

Is  the  affinity  between  two  bodies  different  at  different  tempera- 
tures 1  Just  a.?  hont  weakens  cohesion  by  striving  to  increase  the  di.'^- 
tance  between  homogeneous  atoms,  so  likewise  it  may  diminish  the 
strength  of  affinity  by  increasing  the  difference  between  beterogoneoui 
atoms,  It  appears,  liowover,  that  as  long  as  the  action  of  heat  does 
not  go  eo  far  as  to  form  a  ga.?eou8  compound  with  one  of  the  bodio-, 
— ^in  which  case  it  would  act  like  a  third  ponderable  body  in  undo- 
ing the  combination,-^it  docs  not  weaken  chemical  nttmction,  probably  j 
becauife  in  a  combination  of  two  ponderable  bodies,  it  tends  to  increase  tin.' 
distance  of  the  compound  atoms  only,  not  of  the  simple  ones  by  whoR«> 
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'ftt  tJi*  compound  atoms  are  formed.     On  tlio  other  hand,  it  mig^Iit  \n> 
■'Ui  the  phenomena  inentioueJ  on  page  36  D,  tlmt  clcvatiou  of 
inrreases  tlie  stretigtb  of  affioity.     When,  for  exainplc,  ful- 
»r   e<itiil>iiies  with  carhon   at  a  red   lieat,   \vc  mipht  suppopo  thjit  the 
iitv  IttMwL'en  the  two  bodies  ia  called  into  nction  by  thia  temperature, 
•  lieigUtcBed  lii  such  a  degree  ns  to  he  uhlc  to  overcome  the 
sli  >  rarbiin;  but  m  that  cas«j  the  feulphuret  nf  carbon  ought,  on 

e(H>lin^,  nben  the  nUiaity  i^  again  diuiiniabed  or  annihilated  and  the  eolie- 
eion  of  the  carbon  iticr«iiscd,  to  he  again  resolved  into  itn  elemenla,   Such, 
boweirer,  is  not  the  case  either  with  this  or  with  any  other  of  the  more 
intimate  compounds,  and  tliereforo  the  affinity  between  such  bodies  esiate 
evejt  in  the  cold, — and  heat  dnea  not  devetope  atfinity  in  the  first  instance, 
bot  favours  the  exertion  of  it  in  a  manner  not  bithorto  explained.     At 
pnsBcnt,  thcreforCj  there  is  no  gronnd  for  siippos^iiig  that  the  affinity  be- 
tween two  bodies  is  dirt'emnt  at  difFerent  temperatures,     If,  indeed,  ive 
would  explain  nortliolletB  law  of  double  atfinity,  not  by  the  influence  of 
rohecinn,  but  on  the  supposition  that  out  of  a  number  of  possible  coui- 
poiindd  tho4c  actually  fortiied  are   always  the  most  intimate,  and  have 
likowiiifi  the  6uiallest  relative  solubility  (page  12.?),  it  mi^bt,  perhaps,  be 
neceesaryio  aj««ume,  with  reference  to  the  reciprocal  atEnity  between  com- 
■  -  i-  :nit  and  sulphate  of  magnesia,  for  example  (page  127),  that  the  niag- 
-  of  the  affinities  are  different  at  dilfcrcut  temperatures. 
i  he  following  are  the  priiicipnl  methods  which  have  been  adopted  for 
ilii   ilctcnninatlon  of  relative  niagoitudiis  of  affinity. 

A.  Uifference  of  magnitude  or  strength  of  affinity  ia  determined  by 
the  resultfl  of  conflict  or  opposition  of  affinities,  on  the  principle  that  the 
•lecoinposiug  must  be  stronger  than  the  existing  or  quiescent  affinities. 

^B.  Drcompoaitiom  iit  which  the  A^nHi/  of  Heat  cotiiribtttcs  (o  the  Jiesuit. 

Many  combinations  of  ponderable  substances  are  decomposed  by  de- 
ration of  temperature,  one  of  the  ponderable  olenicnta  combining  with 
heat  nnd  forming  a  gascou.i  compound.  The  affinity  of  heat  for  ponder- 
tblo  iMwlies  must  be  supposed  to  increase  ivith  the  quantity  in  which  it  is 
occnraultttcd,  and  therefore  with  the  temperature;  consequently,  the  tem* 
[lerature  required  to  decompose  a  compound  of  a  lena  volatile  with  a  more 
■rolaiile  body  will  increase  with  the  affinity  between  the  twn.  According 
thin,  tliestrouglh  or  magnitude  of  the  atttuity  may  }«rhap9  be  found 
i>ni  the  teniiMjratore  required  to  efl'ect  the  decompofiition  ; — the  boiling 
feint  of  ibc  more  Tolatile  element  must,  however,  be  likewise  taken  ist<j 
Bidem-tion. 

Iron  pyrites,  FeS',  when  raised  to  a  moderate  red  beat,  which  may 
be  estimated  at  about  500°  C,  givea  ofl'  vapour  of  sutjtbur,  and  is  con- 
verted into  Fe'S";  at  a  stronger  red  heat  (perhaps  =  S00°),  a  fitill  greater 
loantitv  of  snlpluir  sublimes,  and  Fe  S  remains  behind.  Tuking  Ihtmn.'*' 
DtcrminutioH  of  tho  boiling  point  of  rf?uli>hur,  \]t.,  440°,  and  supposing 
lie  higher  degrees  of  temperature  {a  more  accurate  dett-rmination  of 
rhich  would,  however,  be  desirable)  to  bo  correct,  the  affinity  of  FeS 
t>r  the  iniantity  of  Sulphur  requirctl  to  produce  Fe'  S"*,  may  he  expreafted 
goo  —  440  =  aeo,  and  that  of  Fe'  S"  for  as  much  aulphur  as  will  pro- 
luce  Fp  S',  hy  jOO  —  440  =  60.  Sulphuret  of  goh),  Ao  S',  parts  with  all 
Hilphur,  perhaps  at  about  4.W;  if  so,  the  alKnity  of  gold  for  >-uljihiir 
ill  lie  cxpre««cd  by  4jl1  —  44Q=  10.  But  few  of  tbe  other  metallic 
ilphnrelw  are  decomposed  by  heat;  whence  we  may  conclude  that  tho 
ibcr  wliicb  would  eJipress  tbo  affinity  of  these  metals  for  aulphur  is 


gre«ler  thvt  Ibe  uumbor  of  dogre^fl  of  teiiiperatiii«  wkicli  the  siilpharet 
CM  b^r  iritkoul  JecoinpogLtion,  minua  iAO".     In  b  siinil&r  manner  might  I 
determined  tbc  alfinily  nf  iodine,  bromine,  and  chtorine  for  tbe  fetr  metal 
fiYim  which  they  can  be  8eparat.ed  by  heat,  provt<ieJ  the  teniporatnn's 
which  the  decora poiJtions  tafceplnoe  c&nld  be  more  accurately  determined <l 
M  likewise  might  be  eatimated  the  affinity  of  merruiy  and  arsenic  fot 
Mrtain  other  metab,  tb&t  of  ammonia  for  the  more  tixcd  acidn,  such  na  th< 
boracio  and  phosphoric  acids,  and  that  of  carbonic  acid  for  most  s^lifiabltt^ 
baaea.     The  greater  number  of  basci;  part  with  their  combined  rarboniflj 
acid  at  a  low  red  heat,  lime  at  a  some  what  higher  toniperature,  etrontii 
at  a  Btill  higher,  baryta  only  in   the  strongest  wiad-famaeej  potash  an^ 
aoda  not  at  all.     Ateordingly,  the  la*t  two  bases  must  have  the  strongest ' 
affinity  for  cs^rbonlc  aeid  ;    and  the  fact  of  lime,  baryta,   and  strontia 
takiug  carbonic  acid  from  them  when  a  coneideralde  quantity  of  water  is 
present,  must  be  explained  by  the  greater  affinity  of  water  for  eaustlc 
potaab  and  soda  (page  128).     Nitrate  of  copper  is  decomposed  at  a  lowefj 
heat  than  nitrate  of  silver,  whence  it  follonsj  that  the  latter  oxide  ha3  tb»| 
greater  affinity  for  nitric  acid.      Lastly,  ainee  many  oxidiied  compoundi^ 
«ncfa  as  peroxide  of  manganeBe,  chromic  acid,  antimnnic  acid,  and  areemoj 
acid  give  up  part  of  their  oxygen  at  a  high  tumperatnre,  and  the  nobJa 
metafB  give  ap  the  whole  of  it,  and  since  the  conipoands  of  hydrogen  witd 
carbon,  phoaphorus,  and  sulphur,  and  those  of  nitrogen  with  chlorine  andl 
iodine  are  decomposed  at  various  tempera  tares, — the  affinities  by  wbich 
these  compounds  arc  held  together  may  he  at  least  comparatiTelv  deter- 
mined; — but  no  exact  numbers  can  he  assigned  to  tliem,  necanse  tlie  boil- 
ing points  of  oxygen,  hydrogen,  and  nitrogen  are  unknown.    This  method 
of  determining  magnitudea  of  affinity  deserves  closer  examination. 


b,  DtcompotUions  in  which  Ponderable  Bodies  art  alone  concemtd. 

«.  By  Simplif  AJInitf.  If  we  find  that  the  componnd  A  B  is  decom- 
posed by  C  with  formation  of  A  C,  and  that  similarly  the  compound  A  C 
is  decoi(ipo.<iO(l  by  D  with  formation  of  A  D,  &c,,  we  conclude  that  A  has 
the  greatest  alfinity  for  D,  the  next  for  C,  and  the  smaUest  for  B.  In 
thin  manner,  A  mny  be  te.-tfd  with  respect  to  all  the  substances  with 
which  it  can  combine.  If,  tbcu,  we  place  A  at  the  bead,  and  below  it 
all  the  sub!itjin('cs  capable  of  uniting  with  it,  in  the  order  in  wliich  their 
afflnity  for  A  itiminishes,  we  obtain  the  Coiunin  of  Apnily  of  A,  And  if 
w*  pnieeeii  in  the  same  manner  with  other  bodies,  simple  and  compound, 
kwigiitng  a  column  to  cacli,  and  collecting  all  these  columns  into  a  general 
tabic,  we  sluill  obtain  a  Tahk  of  A^nitif,  Tuhula  AjH*ii(ntum. 

Tht*  flr.ll  (jiblii,  wbich  was  very  imperfect,  was  drawn  up  by  Geoffroy; 
\m  tmt  followed  by  Qollert,  RUJiger,  Limbourg,  Marherr,  De  Fonrcy, 
DMItohy,  Krxl<>beti,  Wctgcl,  Wieglcr,  and  Bergman. 

A  few  examitle.f  will  snlTice  io  illustrate  this  method.  Carbonate  of 
U»»  troaled  with  hvdrocbloric  acid  yields  hydrocblonito  of  lime  and  ear- 
bo»w  aciid ;  hvdrncblorute  of  lime  is  resolved  by  sulphuric  acid  into 
ail)|*ttMi>  «^  bvui^  and  intv  liydrocbloric  acid;  and  when  oxalic  acid  is  added 
!•«  acdtttioti  i<l'«u1i>hAto  of  lime  in  water,  oxalataof  lime  is  thrown  down, 
irlukt  hv«>  tulpburie  acid  remniits  in  the  water.  Heuce  in  the  column 
kiwutod  iLii«^,  lk«i  R>ur  arids  above  mentioned  euccee<I  one  another  in  the 
Ml»«im  «4\l«r:  oxalle,  sidphnrie,  hydrochloric,  carlwnic.  From  an 
'^H'nT*^!  MkiiiiMi  vi  »ulphate  of  alumina  ammonia  precipitates  the  alnmina, 
yrt^m^m  a«l|ilMkto  of  Mnmonia ;  this  salt  is  eonrertM  by  lime  Into  anl- 
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of  lime  and  free  atnmoiiia;  the  sulpliate  of  lime  treated  w'ltU  ioluljoti 
of  potash  IB  resoltreil  into  sulpli^te  of  pota&li  and  free  lime;  and,  Instiy, 
the  »qi»eocu  eolutian  of  sulphate  of  potaiili  ^'ives  wit})  baryta-water  n  pre- 
dpilAte  of  sulpbftte  of  b&rytft,  irhile  free  puta^h  remains  in  solution. 
Coitwqaentlj  in  the  salplionc  acid  column,  the  four  bases  hero  eoneidered 
would  stand  iin  the  onlcr:  baryta,  potaab,  lime,  a,iiimiii]ta,  alumina. 

Simple  and  eure  a,s  this  method  may  appear,  and  welt  a;  it  may  be 
adapted  to  furaicih  available  ntateriab  for  the  determination  of  retatire 
na^uittidra  of  affinity,  it  is  still  far  from  bt^ini;  unexceptionable,  and 
dunanda  the  greatest  caution  in  its  applitMtion.  The  influence  of  cohesion, 
cittUcity,  and  the  affinity  of  the  solvent,  are  especially  deserving  of 
th»  most  careful  attentiou.  For  example,  that  oxalic  acid  added  to  sn 
■qaeoai  eolation  of  sulphate  of  lime  precipitatea  oxalate  of  lime,  mi^litbe 
explained  on  the  hypftthcisis  that  the  coliesion  of  the  latter  salt  is  greater 
than  iL&t  of  the  former;  and  that  at  the  snme  time  the  affinity  of  water 
for  sulphuric  add  is  greater  than  for  oitalie  acid;  if  such  be  the  case,  the 
•i&nity  of  suipburic  acid  for  lime  may  still  be  greater  than  that  of 
oxalic  acid.  It  has  aleo  been  i^uggested  that  hydrochloric  aeid  may 
cxMsl  carbonic  acid  from  cjirbonato  of  lime,  not  in  conseqnence  of  greater 
alfinity.  but  becaaGo  carbonic  acid  is  more  elaatio  i.  «.,  has  greater  affinity 
for  beat  than  hydrochloric  acid  has;  but  thiii  supposition  is  ne^tived 
by  the  experiment  deacrihcd  on  page  130,  in  which  the  decomposition 
wa«  fi>nnd  to  take  place  under  a  pressure  sutBcient  to  liquify  the  car- 
btmic  at'id  set  free,  A^iiiu  it  haa  been  shown  (p,  129)  that  f.  <f.,  boracic 
'  iijvoiies  salphate  of  soda  at  a  red  heat,  whilst  the  opposite 
place  in  the  wld.  Generally,  the  various  cases  of  reciprocal 
ity  U*age  125  ....  133}  show  that  it  is  important  to  examine  the 
jwn  of  bodies  under  Tariously  altered  circumstances,  and  in  drawing 
©oneluifinna  respecting  magnitude  of  affinity  from  deconipositinus  which 
result  from  simple  affinity,  never  to  neglect  the  circumstances  wlvich, 
ma  waa  shown  ia  discussing  the  theory  of  reciprocal  affinity,  may  invert 
tlie  result  and  enable  the  weaker  affinity  to  gain  the  victory.  One  of 
these  circanistances,  viz.,  difl'erence  of  temperature,  was  long  ago  noticed 
\>j  Bergman.  In  his  table,  the  A^nitnUt  dectivce  via  hupiida  are 
ili(»tingni.shed  from  those  vkt  sicca,  accordmgly  as  the  decompositions 
take  jd^ice  at  ordinary  temperatures  or  at  a  red  heat.  This  mode  of 
iii»tinctiori  is  not  indeed  unexceptionable,  since  opposite  results  often  take 
pIju-<^  at  ditferent  degrees  of  incandescence:  thus,  for  example,  at  a  red 
heat  potassium  take$  oxygen  from  iron,  wbilo  at  a  white  heat  iron  takes 
oxygen  from  potaesiam.  At  the  same  ttnie  such  distinctions  oblige  us  to 
admit  that  taliloa  of  affinity  do  not  always  give  tbo  relative  magnltadefi 
of  that  force,  but  merely  the  results  of  decomposiiion  under  certain  cir- 
cumctance*:  hence  tlieee  tables  are  by  many  ohcmiets  called  Tabid  a/ 
l^rtcipUiUum,  or  more  correctly,  Tables  of  DfComjMuition. 

It  must  alao  not  be  for^rotten  that  a  body  C  sometimes  takes  from  the 
bodv  B  only  a  part  of  the  body  A.  When  soda  precipitates  oxide  of 
Um  from  a  solution  of  chloride  of  lead  in  water — which  may  be  regarded 
M  hydrochlorato  of  oxide  of  lead — this  does  not  exactly  prove  that  the 
alSaily  of  xoda  fur  hydrochloric  acid  is  greater  than  that  of  oxide  of  lead  j 
lot  ihu  precipitate  is  a  compound  of  4  atoms  of  oxide  of  lead  with  one 
•tool  of  hydrochloric  acid;  and  iho  same  roTiipoiind  is  on  the  other  hand 
prodooed.  witii  M-paration  of  soda,  when  oxide  of  lead  in  exccsa  is  di- 
ed with  n  dilution  of  bydrochlorale  of  soda.  From  this  it  follows 
i  atoiat  of  oxide  of  lead  have  ft  greater  &f6tiity  for  1  atom  of  hydro- 
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chloric  ncid  tli^n  1  atom  of  Bodii  h^*'',  bnt  tli&t  1  atom  of  soda  h&s  &  grcatc 
affinity  for  hydrocltloric  acid  t1mn  1  atoni  of  oxide  of  lead,  iind  conse 
qupully  abstracts  from  tlic  latter  J  of  tlie  acid  witli  wliicli  it  is  coinbiueJ.j 
Hence,  in  prcfipitatidns  of  tliis  kind,    it  must  W  carefully  cxaraincd' 
whetbcr  the  precipitate  confains  the  eubstam'e  B  in  a  etate  of  puHly  w 
£till  io  combination  witti  part  of  tho  body  A, 

La«tlj,  on  bringing  tojij'cther  A  B  and  C,  wc  yory  often  obtain,  not  A( 
and  B,  but  A  C  and  1)  C.  If,  for  example,  in  order  to  deterniiue  whether^ 
arsenic  or  eulpbur  barf  the  greater  nffinity  for  oxygen,  we  heat  ((vjelbc-i 
tLrfieaioTt^  acid  and  isulpbur,  wc  obtain  indeed  sulpburoug  acJd,  bat  tin 
separated  arsenic  coiiibiDcs  witb  another  portion  of  the  sulphur  and 
forms  sulpburet  of  arsenic  {Sdt.  100).  In  tlii.«  case  we  cannot  conclude 
that  oxygen  has  a  jrreater  affinity  for  sulphur  thau  fur  arsenic,  but  only 
that  the  affinity  of  sulphur  for  oxygen  +  that  of  fitilphiir  fur  arsenic  i.«^J 
greater  than  that  of  arsenic  for  oxygen; — the  atKnity  of  lioat  for  stil- 
phuroiis  acid  must  likewise  be  taken  into  account. 

0.  By  JJotible  Afiniiit.  Guyton-Morveau  aupposed  that  when  two  saltcl 
decomposo  one  another,  the  sum  of  tho  twfi  decoinposiug  affinities  must  btsj 
greater  than  that  of  the  two  ijuiesceiit  aiEnrties.  Acfording  to  tho  d!>-l 
comjmtritions  sriiieh  the  salts  of  certain  acids  and  bases  exhibit  one  wiihl 
another,  he  endeavoured  to  assign  such  magnitudes  to  their  affinities  thstt' 
calcuhition  shoiJd  agree  with  observed  result*.  He  tliua  found  by  trial 
the  fiiltowing  numbers; — 


Salptmric 
Add. 


Nitric 
Acid. 


Hydrochloric 

Acid. 


Awtic 
Acid. 


Carbonic 
Acid. 


Baryta  ..... 
PoUsb..  ..  . 

Sod* 

lime    . . . . . 

Ammonia,. . 

AUiminH  ..  . 


Aceording  to  tliis  tabto,  sulphate  of  aoda  and  hydrorhlorate  of  baryta] 
must  decompose  each  other,  becau.He  fi6  +  31  (=07)  is  greater  tbaiif 
58  +  36  (=  !U);  similarly  with  carWiate  of  potn.«li  and  acetate  of  lime,| 
sineo  12-t-2li>  19  +  if,  and  ho  on.  But  in  many  cases  in  which  dc-l 
composition  takes  place  the  sums  jire  equal;  e.  </.,  with  sulphate  of] 
potash  and  nitrate  of  harj-ia  (62  +  62  =  86  +  58);  and  with  sulphate  of  | 
potftsh  and  hydrochlorate  of  baryta  (02  +  36  =  66  +  32).  lu  oiIicm/ 
tho  sum  of  the  latent  is  even  greater  limn  that  of  the  separating  ntTinitiea,  I 
80  til  at  the  calculation  directly  coutrad  lets  the  experimentnl  result;  t.ff,, 
in  the  case  of  nitrate  of  baryta  and  sulphate  of  soda  (62  +  58  >  30  + 
66);,  so  likewise  nitrate  of  baryta  i.s  dcconipojjcd  by  sulphate  of  ammonia,  j 
enJphiito  of  lime,  sulphate  of  magnesia  or  carbonate  of  aoda,  and  sulpLalo  H 
of  magnesia  by  carbonate  of  amimonia,  althoujrh  calculation  would  lead  to  ^ 
the  contrrtry  tcault.  Moreover,  Guj-toii-Mgrvenvi  assigns  to  the  aHiuity 
of  nitric  and  hydrochloric  acid  for  baryta  hirger  numbers  than  to  the 
affinities  of  the  Hiiniu  acids  fur  potash,  although  jjotash  «ef>arutes  bnryUfcj 
both  from  the  nitrate  and  hydrochlorate  of  Ihnt  '""«  0^..w.rrilly,  ii  is\ 
easy  to  see  that  it  would  be  useless  troulde  to  a  ilie  pre- 

ceding numbers  and  adapt  them  to  all  doeomj  to  enlbj  livJ 
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drtoLlo  nffinilv, — eiuce  tliese  results  depend,  not  alone  on  the  autii  of  tlic 
uiagnitudejf  of  afEuity,  but  alao  on  cohesion,  temperattirej  and  the  nature 
•if  Ujo  solvent. 

B.  Attempt*  L:»ve  been  inailo  to  determine  the  relative  streiigtL  of 
affinity  of  two  l>odies  from  tbeir  force  of  adlic*tnu,  Guyton-Morvean  re- 
jputled  fidfiesioti  as  a  cnmrocncing  affinity;  supposing  that  Leterogeneoua 
«al*stanco«  attract  each  other  in  masses  before  the  attraction  between  tlietr 
indiTidaal  atonia  cotnea  into  play  and  forma  chemical  compoanJs.  The 
2Teat<?r  therefore  the  affinity  between  t^o  bodies,  the  greater  should  also 
b^  their  adhesion,  and  the  magnitude  of  the  fonncu  ehouhl  also  he  deter- 
minable from  that  of  the  latter,  Mnrvean  suspended  a  tnetal  disc  one 
inch  in  diameter  from  ono  of  the  arms  of  a  balanre,  and  counterpoiaed  it 
by  w-eigbt*  in  the  opposite  scale  j  be  then  placed  nisder  the  disc  a  glass. 
filled  with  mercury,  so  that  the  surface  of  the  mercury  just  came  iu  coiwj 
tact  with  the  lower  surface  of  tlio  disc, — and  ascertained  what  additional 

eight  rcfpired  to  be  laid  in  the  opposite  acale-pan  in  order  to  aeparate 
*ibe  disc  from  the  mercury.  Iu  this  manner  he  found  that  the  following 
weights  were  neceasary:  gold  446  grains,  silrer  i20,  tin  418,  lead  3fl7, 
bismuth  372,  zinc  204,  copper  lt2,  antimony  12e,  iron  115,  cobalt  8.. 
Ttii*  is  almost  exactly  the  order  of  facility  in  which  these  metnda  combiua' 
with  mrrcury.  and  sufar  experiments  appear  to  accord  with  the  preceding 
view.  Hut  it  has  not  yet  been  Ehowu  th.it  tlie  magnitudes  of  adhesion 
!ind  affinity  are  in  direct  proportion  one  to  Iho  other.  Although  the 
afiiuily  of  sulphur  for  njercury  is  much  greater  than  (hat  of  either  of  the 
metaU  just  titmied,  still  a  disc  of  sulphur  would  adhere  to  it  with  f«.r  less 
furce  than  either  of  the  metallic  disc.s  did.  Moreover,  the  fact  of  mer- 
rary  conibiiiiug  with  gold  more  ea^iily  than  with  zinc  does  not  show  that 
;»c»ld  has  the  greater  a Hinity  for  the  mercurj'i  for  facility  of  conibinatiou 
ia  ouu  thing,  intimacy  another.  Besides,  Morveau's  method  does  uotgivBi 
even  the  force  of  adhesion;  fi>r  a  eertiiin  quantity  of  mercury  remains : 
attached  to  the  plate*,  and  on  separation  the  mercury  itself  is  torn  asunder, 
aaij  iho  force  determined  is  in  reiility  its  cohesion.  Finally  both  on 
tlii«  gmand,  and  because  many  substances  on  coming  in  contact  irame- 
•liatr'ly  r-nter  into  chemical  combination, — and  the  iilin  of  the  new  com* 
poutid  of  tho  two  badies  whose  adhesion  is  to  be  measured  is  really  that 
which  tiuifcrs  di:irupllon,— an  oxar?t  determination  of  the  force  of  adhesion 
in  the  most  numerous  aod  important  cases  is  impossible. 

C.  The  strength  of  affinity  is  sometimes  estimated  by  the  time  in 
which  combination  takes  place.  Wen  Kid  [Von  def  Verwandtscha/t,  p. 
28^  exposed  metal  cylinders  of  enuul  height  and  diameter,  and  covered 
all  over,  with  tho  exception  of  one  of  tho  terminal  surfaces,  with  laruisb 

-to  the  action  of  dift'erent  acids  at  the  same  tciiiperaturo  and  for  eijual 
IterrnU  of  time,  and  estimated  the  forco  of  alKnity  by  the  tjuantity  oi 
Beta]  di^>ioIv<'d.  These  exfierimeuts  bnwcvcr  prove  nothing,  lirsthecanse 
ia  the  hidution  rd'  metals  in  acids  various  nUiuities  come  into  jilay,  viz., 
'A  "  ;:v'  of  the  tneliil  for  oxygen,  which  has  to  be  ta-ken  sumctimea 
1  '-id  sometimes  from  the  wator, — that  of  the  oxide  of  the  metal 

U'-'iil — iuid  that  of  the  salt  for  water;  secondly,  because  WeuEel 
init«i  nsed  concentrated,  sometimes  dilute  acids,  according  to  the  eon- 
iof  the  metal— and  tliirdly,  because  »«'■«■<-'»  surface  of  different  lue- 
Jtposcs  a  ilifferent  nunibcrof  atoms  to  tlio  jictlon  of  a  solvent,  accord- 
To  the  atomic  vn'i;,dit.9  and  tlcnsities  of  the  metals.     Hut  even  experi- 
in  « fiich  thr^r-    unices  of  error  were  eliminated  would  ]efl4  to 
Lecflnee  tliT  inijtortant  iufluence  which  cohesion,  specific  gravity, 
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Sto.  ez«H  on  the  Tspulitj  of  the  coiubinattoa  omid  not  well  b«  Uken  into 
aocotint. 

D.  Strengtb  of  affinity  his  be«n  estimated  from  the  qnantitie^  in  wbioh 
buUifs  CDTiibiue. 

BerthoUet  laid  down  the  foHowing  hypothesin:  The  emaller  the  quan- 
tity of  a,  body  B  required  to  neutralise  another  body  A,  tliat  ie  tf>  #Ay  to 
balance  its  opposite  properties,  the  more  completely  opposite  must  B  \hs 
to  A,  and  the  greater  must  therefore  be  their  mutnai  attRictioo.  If  for 
example  a  eertttin  quantity  of  an  acid  is  neutralised  by  1  part  of  the  base 
B,  but  requires  S  parts  of  the  ba^ie  C  and  3  of  the  base  D,  tlie  aifiiiities  J 
of  A  to  B,  C,  and  D  =  3  :  1^  :  1;  in  short,  the  force  of  affinity  la  in- 
rersely  as  tlm  quivntity  required  for  neutniliitation.  A  similar  relation 
exists  with  regurd  to  the  affinity  of  a  base  for  eeremi  acids;  that  acid 
of  which  the  smalleat  qunntity  iuflSceg  for  the  ncutralizatiun  of  the 
ba«e>  will  have,  of  all  acids,  the  greatest  affinity  for  the  baise.  Thti 
view  of  tbe  matter  is  contradictory  to  the  order  of  affinity  found 
from  decompoBitions  by  double  affinity.  For  example,  10  parts  of . 
eulphurtc    acid    are    neutralized    by    7*C'6    baryta,    52    slronlta,    4?'2' 

fjotash,  3 12  aoda,  2 8 '5  lime,  207  magnesia  and  17  ammonia;  and  28*5 1 
ime  are  neutraliised  by  40  sulphuric  acid,  54  nitric  acid,  36'4  hydrochloric 
ric  acid.  127  hydriodic  acid,  32  sulphurous  acid,  and  22  carbonic  acid. 
The  bodies  here  follow  in  the  order  in  -which  they  separate  e:it*h  other,  so 
that  for  example  baryta  takes  salphnrio  acid  from  all  other  bases  and 
j^ulphuric  acid  takes  lime  from  M  otuer  acids.  The  I.aw  here  manifested  ' 
— thiit,  for  the  most  part,  those  suhslancea  of  whit'h  the  smallest  qa&nti- 
tiea  are  required  to  neutralize  a  third  body^and  which  should  therefore 
have  the  greatt'St  affinity  for  that  body — are  separated  by  those  which 
combine  with  the  same  body  in  greater  prnpnrtioti,  and  should  therefore 
have  less  affinity  for  it — is  eiptained  by  BerthoUet  from  the  influence  of  ' 
cohesion  and  elMticJty.  According  to  that  philosopher  ammonia  has. 
of  all  the  boaes  here  ennmemted,  the  greatest  affinity  for  eulphurie  acid, 
for  it  in  the  base  of  which  the  smallest  quantity  is  reiiuircd  to  neatrslize 
that  aeid;  that  it  ehould  however  be  Rcparated  from  sulphuric  acid  by  all 
other  bases  arises  from  its  tendency  to  assume  the  gaseous  form,  itom 
the  dttme  cause  tbo  hi|Lfbly  clastic  substance  carbonic  acid,  which  of  &U 
aeidit  ba«  tlie  greatcat  affinity  for  lime,  is  separated  from  that  ba^e  by 
hydnic'hiuric  iR'id:  (the  incorrectness  of  this  explanation  is  manifest  from 
the  expertniont  described  p.  130),  That  baryta  should  take  sulphuric  acid 
from  all  other  bases,  although  according^  to  Berthollet's  view  its  affinity 
for  that  ncid  must  be  the  smallest,  is  explained  by  the  great  cohesion  of 
•ulplmlo  of  baryta:  and  tbg.t  potash  shoidd  separate  lime  and  magnesia  19 
•ujipiwrd  to  rcsnll  from  tbe  great  cohesion  of  those  earths,  &c.  It  is  cer- 
tainly worthy  ttf  romark  that  when  an  acid  is  brought  in  contact  with 
two  ■nlltiabfo  ba.ii'.'H,  the  least  soluble  body  is  always  obtained:  if  one 
nit  if  losn  •idul)lc»  thiMi  another,  it  is  formed;  if  one  oase  is  less  soluble 
than  anoth<<r,  it  U  precipitated.  Thus  baryta  takes  salpburic  acid  from 
•trnntla  ntwl  forms  with  it  an  insoluble  salt;  etrontia  withdraws  sulphuric 
arid  from  |iittaNli,  iiml  putaflb  from  eodn, — sulphate  of  etrontia  being  les* 
•idubln  limit  iiulgiliutr  of  potash,  nnd  sulphate  of  potash  than  sulphate  of 
•iidn.  Kiidit  tiikt'H  linio  from  sulphuric  acid,  and  the  lime  which  separates 
l«  UiK  Iwat  sohiblo  liotly;  lime  take?  sulphuric  acid  from  magnesia,  and 
tiiu-ik^aiu  i*  hxiN  Mtihiblc  than  lime.  Ammonia  ulone  forms  an  exccptioo: 
it  j[(v»<*  up  mtlnhiirit"  arid  to  lime,  and  the  lime  ia  thereby  eonyerted  into 
liw  it)vrw  aoluyo  lulpLuto  of  lioiQ.    When  a  bu»e  comes  In  contact  with 
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tvo  hchIs,  Iha  Mm*  effeet  often  taMis  pliMse;  eulph^te  of  bAtytu  ia  hia 
Milubte  tluu)  nilnte,  and  tUie  than  liydrochlumte  of  baryta^  &c.  But  on 
the  otber  hand,  the  almost  ineoluble  aulphite  and  carbonate  of  barjta,  are 
dwompoaed  by  nitric  acid. 

B^trniau  deduoed  from  bis  analyses  of  various  salt«  the  two  fallowing 
hws  wbich  are  directly  opposed  to  Bertbollet'a  theory:  (I,)  An  acid  has 
tlte  greatest  affinity  for  Ibat  base  of  wbich  it  takes  tip  the  gr«atej>t  quau- 
tiiy.  (2.)  A  base  has  likewise  the  greatest  alSnity  far  thai  aoid  of  wbich 
the  greatei^t  nnantity  is  raqnired  to  neutralize  tbe  base. 

Kirwan,  tttim  the  results  of  his  own  analyses  of  salts,  adopted  tbe 
firat  of  Bergmau':^  lawe;  but  with  respect  to  tbe  affinity  of  a  base  for 
different  acids,  he  on  the  contrary  laid  down  the  law,  that  a  base  h&s  the 
^t<^ttNit  affinity  fur  that  acid  of  which  it  takes  up  the  smallest  qiiautity. 

All  tbew  lawo  eould  only  have  acquired  an  ajipoarance  of  validity 
from  ibe  fact,  that  but  a  small  number  of  acids  and  bases  were  eiamined 
ia  relation  to  tbeni,  and  moreover  in  an  inaccurate  manner.  Adopting 
tbe  more  exact  quantitative  relations  at  preaent  known,  and  placing  all 
tbe  aali&tble  ba«»i, — including  those  of  the  heavy  metallic  oxides — in  tbe 
ill"  n  Id  column,  and  nil  the  acids  in   the  lime  column,  it  will  b^ 

i  that  decomposition  by  simple  atfinily  lias  no  fixed  relation 
pruporiional  quantity.  Moreover  we  now  know  that  the  latter  depends 
oa  the  atomic  weight  of  bodies.  If  then  tbe  strength  of  affinity  were  de- 
temiiiefl  by  relative  qnantity,  the  former  would  b«ar  a  simple  propor- 
tion, direct  or  inverse,  to  tho  atojiiic  weight.  Aceording-Iy  to  Bcrtbol- 
let't  law,  the  affinity  of  hydrogen  for  other  bodies  should  be  the  greatest 
of  all.  since  hydrogen  ha.s  tho  smuUeat  atomic  weight,,  and  therefore  the 
ooallest  quantity  of  it  suffices  to  saturate  other  bodies;  tho  affinity  of 
iodine  on  the  contrary  ought  to  bo  lesa  than  that  of  moat  other  bodies, 
nilpbur  for  example,  since  126  parts  of  iodine  are  necesaanf  to  saturate 
a  ({fuuitity  of  metal  for  which  16  parts  of  sulphur  are  autnciont;  never* 
th«ieM  ioiline,  tbougk  more  volatile  than  eulphur,  decomposes  tbe  metftl- 
lie  lulphurets. 

Oenerai  Lmet,  by  which  the  Magnitudt  or  Strength  of  Affinity  it 

regulatid. 

I.  WUh  rttjard  to  the  «o«j<  two  bodies.  If  A  combines  with  different 
•Molilies  of  B,  it  holds  the  first  quantity  of  B  with  greater  force  than 
nd  second,  the  second  with  greater  force  than  tbe  third,  and  so  on.  This 
Ikw  bold»  good  without  exception. 

Carbonic  acid,  C  0%  in  contact  with  hydrogen  gBS,  zinc,  iron,  &0,  at  a 
red  beat,  gives  op  only  1  atom  of  oxygen,  the  other  remaining — in  con- 
M^ucflce  of  the  superior  atlinity  of  the  carbon — united  with  it  in  the 
form  of  carbonic  oxide,  C  0.  Brown  peroxide  of  lead,  Ph  0',  is  rcdnoed 
»l  »  loir  red  beat  to  red  lead,  Pb^  0\  oxygen  gas  being  evolved;  the  red 
lead  at  a  atrun^er  re<l  heat  gives  np  more  oxygen  and  is  converted  into 
Ibe  yellow  oxide,  Pb  O;  and  this  will  not  part  with  its  one  atom  of  uxy- 
gra  ev&a  at  the  uio^tt  intense  heat,  but  sublimes  unchanged. 

Apparent  exreptions:  Many  combustible  bodies  abstract  oxTgeo  from 
nhnoa  oxide,  K  O,  at  a  lower  temperature  than  from  nitric  oxjcle,  N  0*. 
Tbis  aoomsly  mu»t  bo  attributed  to  the  hindrances  which  the  gaeeuu:^ 
Male  uffers,  in  Tarions  degrees,  to  chemical  action.  The  fact  that  nitric 
•aids  i»  deprired  of  ita  aecoud  atom  of  oxygen  by  alkaline  sulphites,  and 
eonrert«d  into  uitroua  «xide  which  sufTera  no  further  alteration  from  the 
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tion  of  tUo  same  salts,  proves  the  correctness  of  the  law. — Nitric  wnM 
0',  <loes  not  give  up  its  oxygon  t»»  uumy  liojjes  so  fcasily  tis  liypouitrio 
acid,  N  0'.     But  nitric  acid,  precisely  on  account  of  tlie  amall  iLffinity  of 
tlie  nitrogen  for  the  last  atom  of  oiyg«n,  is  not  tnowii  to  exist  in  tli« 
8epacat.e  state,  tut  only  in  combiiiatiun  witb  water  or  salifiable  Kases.^ 
lu  aqueous  nitric  acid  tbc  great  affinity  of  the  water  for  the  acid  appoees, 
to  a  certain  extent,  tl>o  transfer  of  the  oxygen  to  other  bodies.     So  like- 
wise liypercblorato   of  i>otaBh.    K  O,  CI  0',  is  less  e&«i)y  decotnposoJ  hy 
lieatand  combustibhi  bmlies  than  chlorate  of  potash,  K  0,  CI  O',  »lth«>ii»li 
it  contains  two  more  atotne  of  oxygitk.     But  hypercliloric  acid  is  just  u(n 
account  of  this  trreater  quantity  of  oxygen  a  stronger  acid  tlian  clilorim 
acid,  and  the  cousequent  greater  affinity  of  potaeh  for  hyperchlorio  acid 
renders  its  decomposition  more  difficult. 

2.    With  regurdto  dtferetil  bodkf.     (a.)  Simple Hubatanccs  exhibit  the 
strongest  affinities  for  each  other,  e.  g,  oxy^jen,  chlorine,  bromine,  iodine,, 
&c.  towards  moat  other  elements.     Then  folloiv  compounds  of  Hie  li» 
order,  e^g.  acids  and  etalifiablo  baseff.     The  affinities  of  compounds  of  ihi 
second  order,  salta,  for  instance,  are  much  weaker.     In  jiroportion  Mj 
the  afliDities  of  the  element<s  are  satistied  by  combination,  their  teodttiK 
to  form  further  combinations  diminiabes  and  ultimately  ceases. 

b.  The  more  opposite  bodies    are  in  their  physical  properties,    th^ 
greater  for  the  moat  part  i,^  their   affinity.     Thus,  metalx  being  simiJj 
bodies  have  generally  but  little  affinity  for  one  another,  but  great  afRnitj 
for  oxygon,  chlorine,   bromine,  iodine,  sulphur,  and    other   nonmet&Iiic 
l»odie9j  in  a  similar  manner,  a^ids  have  little  affinity  for  other  acida 
bnses  for  other  bases,  bat  tho  affinity  between  ueids  and  bases  is  ver 
strong. 

Columjis  of  Affiiiitti, 

The  fi>llowing  are  a  few  columns  of  affinity  drawn  np  principally 
from  decompoaitiona  by  simple  affinity  aud  from  analogical  reasoning. 
I'Vom  the  diificulty  of  tho  subject  they  must  be  considered  Tis  merely  rough 
npproximations.     The  bodies  separated  onh'  by  a  comma  are  those  who 
relative  position  is  as  yet  undecided;  after  each  semicolon  are  pl« 
subiitarices  whose  affinity  is  decidedly  weaker. 

Ojr4jffen:  K;  Na.  L?:  Ba,  Sr,  Ca;  .Mg,  Ce,  Y.  G,  Al,  Th.  Zr,  Si; 
Ta.  W,  V,  Cr,  Mn;  CO,  H;  Mo;  Zn:  Fo;  Cd;  Ni;  Co;  Sa;  U;  TaO'; 
iMnO;  MoO;  Ti  0;  P;  Pb;  Bi;  Sb;  P0=;  S;  Cu;  MoO^;  As;  N;  Sn  O 
JICl;  S  0-;  W  0-;  N  0;  Se;  Pt  Ir;  Fo  0  S  O";  Hg;  Te;  Os;  R;  ¥AM 
Ag:  K  0;  EaO;  As  0';  I:  NO';  Cr»  0*,  V-  0^;  Au;  Br;  CI:  F:  I  0*iH 
CfO^  H  0. 

i'hlorint:  K  and  the  other  alkaline  metalt*;  metals  which  are  the 
bu.ses  of  the  eartks;  Ti ;  Zn;  Fe;  Cd;  Co;  Sn;  CO;  H;  P;  Pb;  Bi) 
.Sb;  S;  Hg;  As;  Ag;  SnCl;  Hg^Cl;  Pd;  Pt;  An;  I;  Br;  O. 

Fluorine,  Bromhu,  and  Iodine  are  similar  in  their  rel^ions  to  el 
rinc, 

Sitlphurr   0;  K  and  the  other  alkaline  metals;  Zn,  Fe;  Sn;  Cu; 
H;  C;  Ph;  Bi;  Sb;  Hg;  Ag;  Pt;  CVS;  Mo  S';  Au. 

Phmphorm:    0;  CI;  Br;  I;   K;  Zn;  S;  H. 

Hydrogen:    0;  F;  CI;  Br;  I;  So;  S;  P;  As;  Sb;  N. 

Nitrogen:    C;  H;  I;  Br;  CI. 

MHah:  O,  F;  CI;  Bs;  I;  Sc;  P;  H.  It  ia  twe  tb  '  -•  mcUtlio 
oxides  and  fluorides  are  decomposed  at  a  ndJM|  ''  <';  but  in 

such  CJises  the  affinity  of  heat  for  the  more  vol5^^^  nam-f-,  vxygeu  and* 
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loe,  mast  be  taken  into  accoimL     Nerertlielesa  the  affinity  of  iko 
We  motals  for  clilorine  seems  to  be  greater  than  for  oxygcu.     On  the 

>lo  it  nppoars  tlmt  diflerent  inetab  have  diftoreat  ot'Ipfs  of  affinity. 

Sulphuric  acid:  Ba  0;  Sr  0;  K  0  j  Na  0;  L  0?  Ca  0;  Mg  0;  Pb  Ou 
a  IV;   FeO;    Zn  0;    Ni  0;    Co  0;   CuO]    APO^i    Fe'O'.      Camp. 
Shaauberi  ( Uttters.  dt>'  Vetipandt^cAt  57)j  Kawten  (Scker.  5,  583);  Gay- 
Lu8S«c  (Ann.  C'him.  89,  21.) 

I/viirocJihric  acid:  4Pb  0;  K  0;  Na  0;  Ba  Oj  Sr  Oj  Ca  0;  Mg  0; 
K  H';  CoO;  NiO;  H -  0 :  CeO;  Zn  O;  Mn  0;  Fe  0;  U  0;  AuO'?; 
Ca'O;  Ca  0;  Sn  0;  GO;  APO';  U'O';  Cr»  0';  Fo=0';  Sn  O'j  Bi=  0\ 
SbO'.  Comp.  Schnaubert;  Anfrye  and  Darcct  (A.  Gehl,  3,  325),  Guy- 
LaoBoc,  a.  a.  0,,  ami  especiaHy  Persoz  {Ann,  Chim.  Phyi.  58,  180,  also 
J.  Pt.  Chem.,  e,  32).  Persoz  place-s  tbe  aiiboxide  of  copper  above  tbe 
protoxide,  without  however  resting  bis  eupposition  ou  experimeut,  and 
IM-rluipe  incorrectly.     With  reirard  to  4Pb  0,  vid.  page  13ft. 

Sitric  Acid:  KO:  NaOf  LOI;  Ba  0;  SrO;  ePbO;  CaO;  MgO; 
N  H^  Ag  0;  Co  0;  Ni  0;  Co  0;  Zn  0;  Mn  0;  Cd  0;  (fiPb  O,  N  0'); 
CttO,  0  0;  APO^;  U'O';  Cr^O'i  Hfj'O;  HgO;  Fe'O';  Bi-a\  accord- 
to  Schnauibfrt,  Gay-Lnfl«ac,  Anfrye  and  Darcot,  and   particularly 

wdinj.'  to  Persoz.     Here  aW  the  phiee  assigned  by  Persoz  to  aiiboiiile 
'iX  me-TCury  ubovo  tbe  jirotoride  is  to  be  doubted;  according  to  Proust,: 
(J.  (jeht,  1,  ,i25)  protoxide  (red  oxide)  of  mercury  stands  likewise  above 
pri*t')xide  of  copper,  aud  aeeording  to  Schnaubert,  protoxide  of  maogane 
pri.-<ode»  protoxide  of  nickel. 

For  p/'oxjift'irk  acid  the  order  appcnrs  to  be  as  FdUowe:  Baryta, 
•trontin,  liinc,  potsish,  and  soda;  and  for  oj^cdic  acid:  Lime,  baryta,  stron- 
tia,  mugite»in,  potash,  soda,  arnmoDia, 

In  the  revitjion  of  tliese  columns  of  aeida  particular  attention  should 
Im  paid  to  the  fonnation  of  basic  salts. 

Pot'uh:  2  At.  Mo  0';  2S  0';  2CrO';  2  At.  oxalic  acid:  2  At.  tartaric 
*c>d:  SO';SeO;NO';IO';  CI  0';  H  F;  H  CI;  PO';  As  0';  10';  Br  O'; 
CI  6':  H  Br;  Cr  6';  P  O^;  H  I;  Se  0=;  N  0';  Mn  O';  Mu  O'-;  B  0^  C  0»; 
Ae  O^;  HSc;  HS;  H  Cy,  This  column  ia  as  yet  very  uncertain,  and 
n<({(iirv«  many  corrections  aud  additions. 

Other  baisea  exhibit  orders  of  affinity  more  or  less  resembling  that  of 
potash. 

VI.  OttiQts  AND  NatuhI!  Of  THE  Pdenomeka  &p  ApFiwin-. 


1.  Atoniie  l/ypolhetis, 

Aceortling  to  the  A  tottilc  or  Cofpnscitlar  Thfori/,  matte*  is  an  original 
e,  and  consists  of  certain  very  small  parts  calle<l  Aimns,  Mohcidfi, 
^"r  PttHldi'S,  arranged,  not  iu  ab.eoliit*  contact,  but  with  Intervals  or  Potret 
lrt*l»«H'n  ibem;  so  that  bodies,  which  to  the  eye  appear  perfectly  continu- 
«        ■  '      I  piece  of  glass  or  inetiil,  must  be  regarded,  not  as  being  com- 
j  I'd  with  matter,  >iut  as  aggregate.^  of  atonw  and  empty  epacea. 

It.  ,  1  itjil  combination  the  heterogcncona  atoms  arrange  tUomeelTeB 
rl  •  !  •  <(h  other,  but  without  penetration— yiwi!fi/>o»iVt«>(i  takes  place^ 
ite  of  the  BO  fonned  compound  atoms,  with  the  iutervala 
'  n  Ihera,  constitutes  the  new  compound.  The  ancient  and 
IhcorleH  are  distinguished  from  one  atiother,  according  to 
ii  is  supposed  to  act  in  britigiug  about  the  juxt^ipogition  of 
tbe  hftvrugeiieoiu  atoms. 
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A.  AKCiESt  Atomic  Theory. 

Id  this  tlieory,  the  alonis  are  supposed  to  Imj  actuate*!,  not  ly  any  1 
attrsictice  force,  lut  l>y  ii  motion  existing  from  all  eternity — l>y  virtue  ofj 
which  these  atoms,  invisible  from  tbeir  smallneM,  are  continuallv  falling  * 
tbroaeh  infinitp  spaeej  but  not  iu  exactly  parallel  lines, — so  that  they 
Bometimw  come  in  contact  antt  become  aggregated  together  in  larger 
masses,  like  the  earth  aod  the  other  boJies  of  the  universe.     Tho*c  atunu 
wbicli  eo  on  moving  aloue,  and  so  eonio  in  contact  with  bodica  on  the  sar- 
faoe  of  the  earth,  eoraetimes  fall  without  efftict  through  their  pore*— 
Bonietiraes,  again,  they  strike  on  the  atoms  of  tho  bodiesj  and  thrnst  theiaj 
either  again.^  the  earth  or  ngainst  one  another,  thereby  producing  tl«9l 
phonoiiiena  .jf  gravitation,  cohesion,  adhesion,  and  affinity.    (Lcueippos^j 
Domocritus,  Epicurus,  Lucretias,  Lesage.) 

D.  MoDEHN  Atomic  Theobv. 

According  to  thia  now  almost  universally  preferred  hyhothesi*,  ttil 
atoms  are  supposed  to  be  iinpreat  with  innate  forces  which  give  rise  ta 
_thc)r  mutual  attraction,  sometimes  exhibited  in  the  form  of  mti^'hanic&l^ 
letimes  in  that  of  chemical  force. 

a.  ConttUution  »/ Atoms. 

Atoms  aro  nut  infinitely  small,  in  thG  matheni4ttcal  SMuo  of  tlial 
words,  but  bodies  of  dtityrminate  niagnititde,  which  canuut  hi  separate' 
into  smaller  parts,  cither  by  mechanical  or  other  forcca.  They  arc  ol 
definite  weight,  definite  magtiituJe,  and  definite  form ;  and  these  ore  con- 
stant in  the  at^ms  of  tlie  same  substance,  hut  may  differ  in  those  of  iltf^ 
foront  substaneee.  It  is  probable,  however,  that  the  atoms  of  all  btxllesj 
hsre  the  same  density,  eo  tliat  the  weig^hts  of  two  heterogeneous  atoiiu 
are  in  direct  proportion  to  tbeir  volumes — and  that  iftho  atoms  could 

Elace  themselves  side  by  side  without  leaving  spaces  between  them,  all 
odic'S  would  have  the  same  specific  jjravity,  viz.,  that  of  the  atoms.  But 
thorc  must  exist  between  them  vonsidcrablo  intervals,  of  various  magni- 
tudes in  diU'ercnt  substance^*, — and  these  are  fiHed  up  with  heat,  the  prit 
ciple  of  elasticity, — -whereby  the  atoms,  which,  by  virtue  of  their  mutual 
attraction,  would  place  thoiueelvca  in  actual  contact,  are  kept  at  certain] 
dislantea  from  one  another.  Wlieu  bodies  are  compressed  or  expanded, 
the  atoms  themselvea  sufifer  neither  contraction  nor  cipansiou,  hut  tha^ 
pores  are  narrowed  or  widened.  That  atoma  must  be  extremely  small, 
and  eoneiderably  less  than  ^wwtrsw!)  ^^^^  '"  diameter,  is  proved  by  thfl 
luicroscopal  iuveetigationa  of  Ehrenberg.   {Pogff.  24,  35.) 

Respecting  tho  Form  of  Atotiu,  two  views  are  principally  entartftined.^ 
According  to  oue  of  these  byixitheses,  atoms  have  the  eaarie  form  uj 
the  fragments  obtained  by  splitting  a  crystallized  body  in  the  directionJ 
of  it£  planes  of  cleavage.  Antimony,  which  may  be  cleft  in  dir^ctiooi] 
parallel  to  the  faces  of  an  acute  riiombohedron,  is  resolved  by  this  u)odo 
of  division  into  Eimiiar  rlionibohedrous  of  coutinually  smaller  and  emallor 
diiufiisioii.^ ;  and  if  we  conceive  the  cleavafro  to  be  carried  to  the  utmostj 
possilde  limit,  the  sniallorft  rhomhohedrons  (has  obtained  will  lie  the  atointl 
of  antimony.  The  atoms  of  a  liody  which  ni.-»y  l»o  cleft  f  '  >  th«1 
fit«08  of  a  cul>0  will  have  the  form  o'f  a  cube;  i  ^  <  >'  b«' 

cleft  according  to  the  faces  of  a  six-aided  prisa  timaicljr  roda- 
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dlilo  to  irianjeular  prisniB.  Cleavage  according  to  llje  fdc^s  of  a  ws^ular 
MlaluNirMi  wilt  give  bolli  refjnliir  octolie'lron-'!  and  telrahcdrons ;  liciicn 
OM  of  Uireso  forms  must  lieloug  to  the  atoms  of  a  body  bo  coustittabC'ii, 
dianoiiil  for  example.  Awording  to  this  view,  atoma  must  have  the  fonn 
•itlwr  of  a  panillelopiped  (rhombohedroo,  cuIhs,  square,  rectangular,  or 
iWnbic  prism), — or  of  a  Iriangiilar  prism, — or  of  a  tetTalicilrou  or  octohe- 
droo,  re «riilar  or  irregular.  This  theory  certainly  aflorJa  the  easiest  er- 
piux&tioii  yf  the  crystalline  form  and  determinalo  cleavage  of  simple  sub- 
sUnccs;  but  it  gives  no  explanation  of  amorphism — it  does  not  accord 
well  witli  djmorpbiditi — and  the  more  easily  it  explains  the  crystslline 
form  of  simple  substances,  the  leas  is  it  a«lapted  to  account  for  that  of 
oomjKiuuds;  for  the  jnitapasition  of  two  or  more  atoms  of  difl'orent  furnia 
most  prodaf<»  a  compound  atom  of  very  complicated  figure. 

Greater  jirobability  attaches,  therefore,  to  the  fieoond  theory,  wlucii 
luui  been  particularly  Joreloped  by  AmptTO  (Jhji.  Chim.  90,  43).  Ac- 
conUn^  to  this  theory,  all  atoms  hare  a  epherical  form;  and  in  the  first 
pbee,  llieee  spherical  atoms,  by  arranging  themselves  in  various  numbers 
ud  st  rariouB  aii|ij;lc5,  produce  aggregates  possessing  one  or  other  of  th« 
JontiB  which  may  be  obtained  by  cleavage;  these  a^gtegttXxB  may  be 
afUd  erjntallioe  molecnle^.  Thus,  4  such  spheres  forming^  a  base,  and  4 
plaised  perpendicularly  over  them,  may  produce  a  cube;  so  likewise  may 
t  layers  of  spheres,  each  containing  9,  arranged  in  a  square.  Two  or  4 
•nch  layers  n-ould  give  a  flattened  or  elongated  square  prism;  2  or 
more  rectangular  layers  of  Q,  8,  12,  or  tnore  spteics,  placed  one  above  tha 
other,  Diij^tit  produce  a  rectangular  prism;  9  or  16  qiherea  arrouged  on  a 
pkoe  in  the  form  of  a  rhombus,  and  3  or  4  such  layers  one  lUMVfl  an- 
Mlher,  wfttilil  ftjmi  a  rhombohedron;  3  spheres  belotv  and  1  above,  or  G  «i 
tJir»  liottonr,  ,1:  above  tliem,  and  1  ai  the  top,  a  tetrahedron ;  3  spheres 
ImJow  and  3  above,  a  trinngolar  prism,  and  eo  on.  Those  crystalline 
■M))ecoIe-4,  ffirniod  at  the  earliest  stage  of  crystallization,  afterwards  unite 
ibonaelTCfi,  by  nttraeting  each  other  chiefly  at  their  surfaces,  into  larger 
ciyBtalliiuc  masses,  separable  in  the  diroctiona  according  to  which  the 
wnrtion  has  talceu  place — and  thus  planes  of  cleavage  are  determined. 
It  is  true  that  tliis  theory  leaves  it  at  present  unexplained,  why  the 
■phen*  should,  aeconling  to  the  nature  of  tho  bodies  tft  which  they  belong, 
unite  tbemwlves  in  diflt'rcnt  numbers  and  at  did'erent  angles,  whoee  niag- 
njciidi!  ia  oonatant  in  euch  particular  substance — and  that  thuB  sometimes 
ana  rrvatalHno  moloj-uji?,  sometimes  another,  shoidd  lie  furmed.  But,  on 
^  otaer  hand,  itgive»<  tho  be»t  explanation  of  dimorphism  and  anior- 
^VTji'n  from  viscosity  in  the  liquid,  or  a  ton  rapid  pEtssage  from 
fnid  to  the  soliil  8tat<?,  the  atoms  cannot  first  nnito  themselves  in 
»IHn*»  inolorulefl  in  th«  uiauner  ju*<t  described,  they  all  remain  at 
dMtnnces  from  each  other ;  consequently  neither  regular  cleavage 
'  erjTBlalline  form  can  cii».t ;  that  is  to  say,  the  body  is  in  tho  amor- 
it  tlat«.  Dimorjihiem  arises  when  tho  atoms,  accorfling  to  tetnpera- 
or  other  circnmfetanec-s,  unite  themselves  in  different  numbers  and  at 
rent  angles,  into  crystalline  niok'cnlos  of  different  forms,  which,  there- 
fcr«,  by  tbeir  approxiujatlnn,  must  produce  crystals  of  difTcront  shape  and 
kTBge,  Tho  compoudd  atoms  of  compounds  are  aggregates  of  two  or 
^  'qiherw,  and  arc  canabte  of  uniting  to  form  erystiilline  molocules  in 
in  mnTifirr  as  Simple  atoms. 

1  to  ponderable  fluids,  it  is  aupposed,  according  to  the 

,,  .liat  each  individual  atom  (whatever  may  be  its  form)  ia 

lUi  by  u  (ri>licro  of  heat,  which  takes  up  but  a  small  ii&.<i«  In 
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liqiiiila,  but  so  large  a.  space  in  pv-^cs  tSiat  tlio  volnme  of  tlie  aUrnis 
Ultcrlv  insignificant   in  compariaon  with  tliat  of  the  calorific  eovelope 
Thia  greater  and  more  uniforni  sepamtioii  of  the  atoms  by  the  calorific 
envelopes  is  suppoficJ  to  account  for  the  mobility  of  floiJa,     In  lUfirereot 
el.ifitic    fiuiils    the    ciiForiric    onvclojjcs    have    different    voinnie.f :     if    tUe. 
volume  of  the  envelope  siirroutKltng  an  atom  of  sulphur  =  1,  the  corf 
jHtiiiling  volumea  in  the  oilier  ^a?es  will  be  3,  6,  9,  12,  18  or  24  (p.  55 — 6")if 
Of  the  correctness  of  the  atomic  tLeory,  the  following  proof  is  iu](lnfled| 
by  Wolla-«6on    (Ann.  Phil.   20,   251;   GM.   72,   37).     If  msttcr 
infinitely  divisible,    atnios]therio   air  would   by    virtu©  of  its   cljifiticilj 
expand  into  infinite  spare-     The  earth'a  atmospliere  could  not  tlierefui 
ImvR  a  definite  limit,  but  nmet  extend  ttwlf  to  the  other  heavenly  bodi< 
and  form  atmospheres  around  them,  the  density  of  which  Tvould  be  pr 
|>ortioiial  to  the  tnasa  and  attractive  power  of  these  Iwdies,     That  no| 
atmosphere  is  observed  round  the  moon  might  perhaps  he  explaiirod  bj 
the  ctmsideration  that  the  Iwnnr  atmosphere,  if  it  exiated,  must,  on  aeeoua^ 
ef  the  siiKill  mass  of  the  moon,  be  very  rare  and  therefore  iroperooptihifl 
But  it  may  be  astronomical ly  dcmouetrated  that  the  sun  ami  Jiiplt*» 
•whose  macses  are  much  larger  than  that  of  the  earth,  are  likewise  withont 
atmospheres.     Hence  it  follows  that  the  air  is  not  infinitely  divisible,  bat 
that  its  atoms  exisrting  in  the  bfclier  regions  of  the  atmosphere  do  not 
sepamtc  from  each  other  beyond  that  point  at  which  their  nmtual  repnl- 
s(oi)  is  exactly  balanced  by  their  attraclioTi  towarda  the  eartli.     Again« 
this  it  (nay  perhaps  be  alle;^ed  that  even  piippiising  the  air  to  be  infinity]] 
divisible,  its  elajjtrcity  must  at  length  bo  so  much  diminished  by  deer 
nf  density  that  the  earth's  attrartinn  will  set  bounds  to  the  greater  expiutJ 
eion  which  a  further  removal  from  the  earth  woidd  involve.     Moreover 
if  we  admit,  with  Poisson  and  DuinaF,  that  the  uttermoet  purls  of  the 
are.  On  acconnt  uf  the  extreme  cold  there  existing,  in  the  solid  or  litiiii 
etate  and  surround  (he  atraoqjhere  in  the  form  of  suow-flakes  of  nitroj 
and   oxygen — the  preceding^  demouatration  will  appear  even  lesa  sain 
factory. 

6.  Chemical  Comhinaiion. 

A  chemical  compound  is  produced,  when  one  or  more  atotns  of  on 
substance  arrange  thcuiselves  in  the  most  aymmctrical  manner  posjiible  bj^ 
the  side  of  one  or  more  atoma  of  another  substance,  or  of  several  other 
KubstancRs,  and  thus  form  a  eompomid  atom. — For  the  manner  in  whio^K 
atonia  arrange  tlieniselves  one  with  another,  vid.  Gauditi  {Bih(,  mnv.  5^M 
l-'ll)- — Atoms  are  alway.?  more  inclined  to  unite  in  simple  than  in  cotn^^ 
plcx  numbers,  and  the  more  intimate  compounds  of  the  inorjr.inic  kiuj^dom 
geuerally  exhibit  simple  numerical  ]»Toportions ;  vvhile  in  organic  coin^g 
pounds  formed  under  the   inUuenco  of  the  vital  force,  very  complicate^B 
proportions  are  met  with.     Compound  atoms  agjain  unite  with  compoan^^ 
atoms  <if  a  different  kind  to  form  compounds  of  the  second  order;  and  the 
compound  atoms  of  the  sectuid  order  thua  formed,   by  combining  with 
others  of  the  .«itne  order,  give  ris^e  to  compound  atoms  and  combinations 
of  the  third  onier,  and  so  on.     The  mode  of  conceiving  the  formation 
tho   less  intimate  compouuds  of  VJiriablo  constitution,  <■.  ff.  solutions 
acids,  allcatis  or  salti;  in  arbitrary  (juaiititied  tif  water— whether  in  «uc 
cases  these  bodiea  first  form  compound  atoms  of  definite  eor<>tiliTtir>n  \r 
combining  with  a  email  cjuantity  of  water,    nud    th. 
surrounded  by  the  rematniug  atttms  of  the  3ii{ni(!.  nr  x^ 
tttkea  place  ia  some  other  way, — tou^t  for  th^  ivuma  uudwidcMi, 
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A  vbcDtie«I  conibmalion  therefore  is  a  mixture  conti&ued  oe  it  wcro  to 
tbc  cxUeme  of  iutiinacy;  in  n  mixtrire  properly  go  oaUed,  whole  msisses 
ofstnnvs  of  tbe  oue  body  are  laid  side  by  siile  with  tlioso  of  the  other — 
Baa  these  heteroj;^ciicous  uiiviscg  can  ho  distinguished  by  the  t^enscs.  But 
in  rbemicai  comhiiiation  tlio  iudlvidual  Leterogeuuous  atoniB  are  laid  side 
by  ndi' ;  &ad  since  ntoms — evcu  compound  ones — are  too  small  to  1j« 
individually  discernible,  the  eye  perceives  only  the  masses  furmcd  by  tha 
llMping  together  of  these  atoms  by  virtue  of  cuhesion,  !Lod  hcucc  tltaj 
chrmica,!  coijipiond  appeara  homogeneous.  These  massed  may  Indeed  be 
■epuriited  into  smaller  aud  siaaller  ones  by  iiifchanical  forco,  but  their 
eouipouud  atotuf  are  not  thereby  resolved  into  fcimpla  atouis;  only  tho 
ovbceiuD  is  overcome  which  holda  together  the  compound  atoms,  not  th© 
affinity  by  which  the  simple  atoms  are  united  into  compoaad  ones. 

With  regard  to  the  innate  forte  by  wliidi  atoma  are  disposed  to 
OMubino,  thrco  hypotheses  have  been  laid  dovrn.  By  some,  it  is  regarded, 
at  the  eamu  universal  force  of  attraction  which  under  diffyrent  circum- 

eCH  exhibits  itself  as  gravitation,  cohe^iou,  and  adhc&ion;  by  others, 
no  attractive  force  of  a  pecaliiir  nature  j  by  other!}  again  an  electricity. 

J^irft  tltfpothtsU.  Chemical  combiuations  are  produced  by  uuiveriial 
attraction. 

Although  Newtou  was  the  first  who  regarded  clteiuiea)  combination 
as  the  result  of  an  attractive  force,  he  nevorthelesa  suppose*!  that  tlita 
forrc  was  different  from  uui versa!  attraction,  and  that  it  tliiiiinished  ac- 
cording to  the  inverse  cube  of  tho  distance,  Buffon  waa  the  first  to  con- 
wdcr  Ijoth  theae  fortes  as  identical.  Since  the  force  of  uuivcraul  attnictioa 
ilcjx-sitis  wholly  on  the  mass  of  the  attracting  bodies  and  not  at  aii  upon 
li  iy,  whilg  iu  chemical  com  hi  nation  tho  latter  is  of  tho  utmost 

II  ",  Buffou  cndeavoureJ  to  explain  tliia  diilcreacc  by  tupjiosing 

that  the  centre*  of  gravity  of  the  atouirf  of  heterogeneoujs  subtitancca 
ttiighf.  in  conjsequeace  of  their  diflcrciice  of  form,  approach  one  anotiier 
wiihiti  dilferent  distancei? — aud  therefore,  since  the  force  of  gravitation 
vurieo  inversely  nn  tho  square  of  the  distance,  the  attraction  between 
such  bodiea  would  vary  in  auionut  with  the  shape  of  their  atoms. — 
Bcri^man  i\.\m  attributed  tlic^^e  difl'eronces  between  the  action  of  gravita- 
tion anii  that  of  aliiuityto  the  ditferent  forms  of  the  atoms  and  likcwiiioto 
their  relative  position.— Guytou-Morveau  perceived  that  to  explain  tho 
gn>at  difi'ercnce  in  the  strength  of  affinity  depending  on  the  nature  of  the 
)•■■*■  '••  '>fei'ned,  on  the  hypothesis  of  a  difference  of  form  iu  their  atoms, 
'  inatically  impossible;  but  he  was  nevertheless  inclined— -since, 

itti  "tuiiii;  lo  hia  view,  strength  ofadlatiion  and  btrength  of  atiinity  follow 
iLf  yaxac  laws — to  regard  athntty  ua  a  particular  uianifostation  of  tho 

viUttioti  of  the  atom*-,  and  to  hope  that  the  peculiar  characteristjcs  of 

ity  Would  be  explained  by  the  dj^-covery  of  uew  facts. 

litrflndlvt'n   'J'h<-itrjf.      Univor«al    attractiou    is  probably  tho  cau.sG  of 

mical  cuiubination.     Its  action  iu  this  rei^iHict  exhibitt^  peculiar  cluirae- 
.-c  it   IB  exerted,  not  ou  masses,  but  on  molecutca  plaeod   at 
f  -mall  diMancfts  from  each  other,  ami  ditferiug  in  form;,  coheaiou 

3  ty.     All  bodies  have  nfifinity  for  all  others:  but  the  affinity  is 

I,  tmuiifestod.  becauee  other  forces  «uch  as  gmvitatiou,  cohesiou 

aud  t .  vorcome  it  (p.  3."i). 

1  ire,  by  virtue  of  llicir  alfiuilv,  csBontially  capable  of  uniting 

ii  M-i;  the  exceptions  to  this  law  arc  to  be  attribntcd  to  tho 

pi  laticity,  partly  of  the  simple  euhtitiinccs  theuiiielTes,  partly 

vi  tiio  cotnpouud.     Thuti,  water  disaolve^  ouly  a  certain  quantity  of  salt, 
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becaose  the  cohesion  of  the  ealt  ultimately  Ikalancoetheaffiaily!  MmilArly^ 
the  elttrftioily  of  a  gas  prevents  its  absorptiou  by  watpr  beyond  a  cortan 
limit.  Slid  tho  elasticity  of  oxygen  gas  oiueeennMals  to  combine  witli  onlj 
a,  definite  quantity  of  oxygen,     Moreover,  if  a  rombination  in  oertainl 
definite  proportions,  e.  ff.  ihkt  of  7fl'6  baryta  and  40  enlphario  acid  pos>i 
Mtmt  rery  great  cohes^ion,  it  ^cparntes  fnjm  tbo  stat«  of  euliition  in  watcTjl 
Itecomee  tnereby  removetl  from  the  s-phere  of  chemical  act  inn,  and  conse-i 
^nently  taJcea  up  no  more  of  the  excess  of  barrta  or  snlpburic  acid  which 
iDay  perhaps  cxiat  in  the  lic|uid.     For  a  similar  reason,  hyUrogC!Q  and 
oxygen  coinhiuo  only  in  the  proportion  which  forms  tho  most  ooherenl 
eotnpound,  vii.  waterj  (the  more  coherent  peroxide  of  hydrogen  was  naj 
known  tit  that  timo).     Tbift  state  of  ^T«ateet  cohesion  corre.''ponds,  iu 
most  cumbiuations  of  acidf  aod  bose^,  with  the  proportion  which  pruduceSj 
the  moat  oomplete  neutraliiation  :  but  in  comp<junds  of  the  more  coho- 
rent  substances  oxalic  acid  and  tartaric  acid  with  »miitania,  ^wtash,  aiuj 
eoda,  it  is  found  in  the  ncid  s&lt. 

The  amallor  the  quantity  which  any  substance  requires  of  another  i 

!>rodace  neutral istation,  the  greater  is  their  natunil  affinity  (p.  H2)< 
Since,  for  example,  acconling  to  tho  later  more  uxact  detenninatioafl^ 
47  2  parts  of  potisb  require  40  of  sulphuric  and  54  of  nitric  acid  lo 
DGUtralizo  thorn,  tho  affinities  of  sulphuric  and  nitric  acid  for  potash  ur 
to  one  another  as  34  :  40.  But  in  the  chemical  actions  of  bodies,  m 
only  tlioir  force  of  afhnity,  but  abo  their  qnnutity  must  bo  taken  int 
account.  If  wo  assume,  according  to  what  precedes,  that  the  affinity  ol 
a  moleouto  of  potash  for  a  molecule  of  eulpburic  acid  amounts  to  rti,  aai 
for  H  molecule  of  nitric  acid  to  40,  and  supjmse  that  1  molecule  of  i»ul-^ 
phnric  acid  and  3  molecules  of  nitric  acid  act  Einmltancousiy  on  1  mole- 
cule of  potash, — the  force  witli  which  the  sulphuric  acid  tends  to  lay 
hold  of  the  potash  will  be  1.54,  and  that  exerted  by  the  nitric  scio" 
8.40  =  120,  This  product  of  the  force  of  affinity  into  the  tjuantity 
tlio  acting  subfttance  is  called  by  BertboUet  the  Chetniatl  Man.  Hem 
the  chemical  force  of  a  body  increases  in  direct  proportion  to  its  quant^tyj 
and  a  substance  poeseesing  btit  email  affinity  may,  when  its  quantity  il 
in  excess,  cxort  a  stronger  attraction  on  a  third  body  than  other  fiub< 
etancca  jwasossing  intrinsically  greater  affinity  but  preseut  in  smaller 
quantity. 

When  a  body  A  comes  in  contact  with  two  bodies  B  and  C,  both  of 
which  tend  to  combine  with  A,  it  does  not  combine  exclusively  with  that 
one  for  which  it  has  the  greater  affinity,  not  cren  when  the  qanntity  of 
the  latter  i«  sufficient  for  the  complete  saturation  of  A  ;  neither  doea  i1 
combine  exclusively  with  the  one  which  acts  with  the  greattT  chemical  J 
mass,  but  divides  itself  betwijen  the  two  in  the  proportion  of  their  cht 
Jiiical  masses.     If,  according  to  tho  preceding  example,  1  molecule  c 
aulphuric  acid  and  3  of  nitric  acid  act  on  1  of  pota.sh,  the  cheraicnl  mass' 
of  tho  sulphuric  acid  being  1  .  54  and  that  of  the  nitric  ucid  3.  40  =:  120, 
1^  of  tho  quantity  of  potash  present  combines  with  the  sulphuric  ftoid, 
and  1^  wJtl]  the  nitric. 

This  kw — that  a  body  divides  itself  between  two  others  which  are 
endeavouring  to  lay  bold  of  it,  in  the  propnrlion  of  tbfir  cheniica)  niaeaes 
— ^is  subject  to  exceptions,  only  when  in  such  ronllictsof  affinity,  a  chan^" 
iu  the  state  of  aggipijation  of  one  of  tho  actitig  bodies  or  one  of  tho  oum-^ 
pounds,  is  produced  by  c<)!ie«iion  or  elasfticity,  and  Ihoso  bodies  are  tfaul 
removed  from  the  sphere  of  chemical  action.     In  such   casos    A   mftj 

ibino  exclusively  with  U  or  C.     lleiicc  ari^yJMfuur  following  oae68i 
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1.  Tlie  c«1ie<aoR  of  B  effects  \te  coiupteto  separation;  t.  p.  Wlieu 
immouirk  is  aililoil  to  an  aqueous  solutiuD  of  eulpliatr  of  aluiuius,  tha 
Bolplmrir  jil  i,l  tit  first  divrrleit  itself  Lietween  the  twc»  hnsos  in  tbe  ratio  of 
tf  ;  but  fiiticeUic  aliimiiia  is  thus  deprived  of  a  [wrtiou 
oi  ,1.  unci  tlie  rcmttiuJer  in  not  sufticieat  to  lioEd  all  tho 
jihitniii.'*  in  wilutioti.  r,  portiun  of  it  ia  ptecipitsited  and  tbua  romoved  froia 
the  sphere  of  ctiemieal  iiction:  now  siuco  by  tlita  precipitation,  tlic  tjuan- 
lily  of  nlaminsi  cftntaitied  in  tlio  aohition,  and  tlierefore  also  its  chemical 
tanA'»,  m  diuiti]i><lie<I,  Ibc  ainmoijia  is  enabled  to  rob  it  of  another  portion 
of  tfulphurtc  acid,  thcrcliy  precipitatiny  iiioro  lilumina,  diniini«ltin^  the 
rbpniical  mass  of  that  which  reniaina  diaaolvcd.  n^'ain  retiioviDg  sulphurio 
Msid,  and  m  on, — till  at  length  it  appropriates  all  (he  acid  and  throw* 
Anv;n  the  whole  of  the  reluTiiina.  These  sncijosfiivo  docompositionB  follow 
each  other  so  qiiickly,  that  the  whole  action  ecema  to  take  plat^o  in  a 
moinrnt. 

2.  The  claaticity  of  D  ofllBctfl  ita  complete  separation;  e.jr.  When 
hrdroehloric  acid  i?  added  to  a  Bobition  of  carbonate  of  potash  in  water, 
ttn  )MVta.><h  nt  first  divides  iteelf  between  tho  two  aoidsr  the  compoand 
tbi!  '  1  ■  1  of  part  of  tho  potash  with  tho  whole  of  the  earhonic  acid 
■1  ■i.'er  II  part  of  the  carlionie  aeid,  now  les»  intimately  eonibined, 
tu  c-t-Mpf  UH  gRH  antl  thiiB  to  remove  itself  from  tho  sphere  of  action ;  tho 
riicinieal  niaiw  of  the  carbonic  acid  iu  the  *ola(toii  being  thus  diminished, 
ill*  bydrochlorie  neid  takes  from  it  a.  fresh  portiou  of  potanh^  jtad  sct»  free 
another  pwrtioa  of  carbonic  acid — ^and  thufi  the  action  la  repeated,  ae  in 
Uw  former  case,  till  the  whole  of  the  potnsh.  baa  combined  with  the 
bjfdpochlorir  acid,  and  the  wholo  of  the  eai'bonic  acid  has  oscupcd, 

8.  The  cfihesion  of  A  C  eJTci'ta  the  complete  separation  of  D;  f.f^. 
If  baryta  dissolved  in  wjiter  bo  hrouji;lit  in  contact  with  a  luisttiire  of 
»iitphniic  and  nitric  acids,  in  Biieh  jtroportion  that  for  every  molecialc  of 
barrta  present  there  shall  bo  1  tiiolecule  of  enlphurie  and  3  of  nitric  acid, 
the  barj'tti  will  at  the  cowmen  cement  he  divided  between  the  two  acids 
in  the  same  proportinu  ajs  the  potash  in  tlio  exampie  above  given.  But 
potash  foniis  with  both  the  aciJa  Bohihle  ealtJ?.  which  therefore  remain 
niiiod  ;  whereas  the  eoinpound  of  baryta  with  a  ceHain  t|uanttty  of  sol- 
phuric  jM-id  is  insolnbte,  falla  down,  and  is  removed  from  the  sphere  of 
articin.  The  solution  now  contaiow,  besides  the  combination  of  baryta 
»rth  nitric  ari<l,  the  excess  of  sidphtiric  acid  which  the  preeipitatod  sul- 
phate of  baryta  was  unable  to  take  up.  This  free  sulphuric  acid  takoa 
frmti  tho  nitric  acid,  in  propoitioti  to  its  chemical  mass,  a  new  quantity 
'tf  hnryta,  which  liowcver  i?  precipitated  in  combination  with  the  pro- 
poriicMiul  <inantity  of  sidplmric  acid;  this  Mits  free  another  portion  of 
ml  'id,  which  ajjain  takes  l>aryta  from  the  nitric  acid;  and  this 

ri-j  truction  anil  precipitation  goes  oatili  all  the  baryta  is  thrown 

down  in  the  fomi  of  .sulphate  and  nil  the  nitric  acid  is  ect  free.  In  a«- 
fioft!iitic«9  with  thia  explanntion,  Berthollet  rappoiaes  that  on  bringing' 
logntber  two  Balls,  whose  acids  as  well  as  bases  are  ditTcrent,  four  salts  ard 
alwayi  produced  :  thtifi  nitrate  of  potash  and  sulphate  of  aoda  in  eolution 
produce  a  niixltirn  which  still  contains  a  portion  of  these  salta  in  the 
ondfpi.nipopfd  ^tate,  togellier  with  snlplmti«  of  |iot:i.«h  and  nitrate  of  soda. 
Ii'  '  licrffDre  four  unhs  arc  ohtaiiird :  but  if  one  of  the  two  new  salts 

in  ami  t-cp»ratc!«  itwif  front  the  sphere  of  action,  llio  nndecom- 

£>M'd  «nltH  yet  reniiiinin)?  in  solution  prodnce.  in  conseepicnco  of  the  equal 
riiiion  of  their  clenienta,  a  now  qaaotity  of  the  insoluble  saltj  but  as 
liufl  always  falia  down,  th«  docomposttion  ^s  on  till  th^i  two  original 


152 


ArrisiTY. 


nits  are  completely  decomposed ; — e.  ff.,  nitrate  of  baryta  and  ealpfc 
of  ioda. 

4.  The  elasticity  of  A  C  eflects  the  coniplcto  separation  of  B ;  e.  ff. 
When  peroxide  of  iroB  is  heated  to  redness  with  charcoal,  the  oiygen 
onght  to  dJTide  itself  Wtween  the  iron  and  the  carhou  iu  proportwm  to 
their  chcniica)  masses.  But  binco  the  oxygvn  which  combines  with  the 
carbon  forms  carbonic  oxide,  which  escapeiae  fpm  and  bo  becoiuea  removed 
from  the  sphere  of  action,  the  remaining  carbon  continues  to  withdraw 
oiy^n  from  the  iroDj  till  the  latter  is  completely  reduced  to  the  inctaUjc 
state. 

lievieK  of  BerthoH^t's  T/teoi-i/. — 1.  This  theory  does  not  eatahUsh  the 
identity  between  aHinity  and   universal  iittniction.     BerthoHet  himsel 
snppoeea  that  different  bodiea  have  very  different  dejfrccs  of  atfinity  for 
one  another,  without  specifying  to  what  extent  the  individual  (juuitle 
of  the  moloeules  may  exert  a  peculiar  influence  on  their  mutual  gravitar-^ 
tiou  and  thus  modify  the  lawa  of  uiiiveraal  attraction, 

2.  Unacouaiutecl  with  our  present  system  of  stoYchiomctry,  Bcrthollet 
supposed  that  two  bodies  can  combine  in  any  proportions  whatever,  aud 
endeavoured  to  exphiin   the  fact  that  combination  generally  takes  pl»oe' 
io  a  few  ileSnito  proportions  oulyj    by  assuming  that  precisely   wkflB 
these  proportions  hold  g'ood,  the  compound  possesses  the  greatest  density,  ^ 
oobeBion,  or  elasticity.     But  why  docs  chlorine  gse  combine  with  hydrogen^ 
gii  in  one  proportion  only,  and  then  without  any  condensitiou  or  expun- 
rion  produce  hydrochloric  acid  gas  1 

3.  It  ia  true  that  the  quantity  of  a  substance  exerts  some  influence  oaJ 
it«  manifestations  of  alSnity  (p.  125):  but  unless  adht^ion  also  cornea  into^ 
play,  this  influence  is  not  exerted  by  any  qnantity  beyond  that  which  is 
still  capable  of  entering  into  combination.    Vor  example,  since  one  atom  of 
oxygen  cannot  combine  with  more  than  one  atom  of  carbon,  100  atoms  of 
carbon  will  have  no  more  effect  on  the  combinatiou  of  any  substance  with 
one  atom  of  oxygen  than  a  single  atom  of  carljou  would;  if  this  one  atoB 
cannot  abstract  the  oxygen,  neither  will  100  atoms  do  it, 

4.  Derthollet's  theory — that  a  body  A  divides  itself  between  thai 
bodies  6  and  C  Jn  the  proportion  of  their  chemical  uiassos— has  an  appear*! 
auce  of  truth  in  those  aises  only  in  which  the  substances  which  act  upoaT 
each  other  are  contained  in  a  liquid  in  which  both  they  and  their  po»-j 
sibte  compounds  are  soluble ;  because  in  such  cases  it  cannot  for  the  inoeti 
part  be  directly  shown  what  compounds  are  contained  in  the  liijnidyi 
whether  A  C  and  B  according  to  the  ordinary  view,  or  A  B  and  A  Cj 
according  to  Berthollet's.  But  in  some  cases  even  of  this  kind,  the  in- 
correctness of  Berthollet's  theory  may  be  diatinctly  ahowu.  Boracio 
acid  colours  litmus  wine-red,  sulphuric  acid  turns  it  bright  red.  i\ow  if 
euJphuric  acid  be  gradnaliy  addtd  to  a  warm  solution  of  borate  of  soda 
in  water  which  has  been  coloured  blue  with  litmus,  the  liquid  at  Orst 
remains  blue,  hceaiisc  a  combiuatioa  of  sodd.  with  excess  of  boracic  acid  Is 
produced;  on  the  addition  of  more  Milphuric  acid,  boracic  acid  is  set  free, 
and  colours  the  liquid  wine-rod;  and  not  till  all  the  soda  lias  entered  into 
combiuatioa  w  ith  the  sulphuric  acid  docs  a  further  addition  of  that  acid 
give  the  liquid  a  bright  ted  colour;  but  if  sulphuvic  a<id  were  present  at 
the  commeiircmcnt  of  the  action,  cither  in  the  free  suite  or  condjincd  with 
fiulphulc  of  suila  in  the  form  of  an  acid  salt,  the  bright  red  colour  would  _, 
appear  at  once.  (Gay-Luseuc,  Ann.  Chirn.  Fhj/s.  49,  323;  uJso  I'ot/i;.  2,j,  Mk 
CI 9.)  Krom  the  same  cause,  a  solution  of  euiphalc  of  potash  or  soda  to  fl 
which  boracic  acid  has  been  added  colours  litmus  oal/  vriae-rcd;  but  tho 
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Ittion  pf  Y  oV fi  ^^  fiulplionc  acid  iinniediatpjy  produwe  the  bright  red 
tint.  (DiiLnil.  J.  Phann.  18,  425).  Hence  boracic  acid  dues  not  take 
wxiA  froTO  enJpburic  acid  or  set  that  acid  free.  Hydrosulpburic  acid  aud 
wrbonic  acid  exhibit  t^iniilar  relatitme  towards  aulphuric acid,  (Dmnji^.)^ — 
Tinrtnrc!  of  litmus  is  instantly  bleached  by  clilorine  water,  but  not  till  after 
icvrral  days  by  aqueous  solution  of  iodine:  now,  a  solution  of  cbloride  of 
aodiaai  mixed  wita  iodiae  shouldj  according  to  Bertbollet,  produce  a  mix- 
ture cuntKiniug  chloride  of  sodium  with  excess  of  chlorine,  and  iodide  ot 
aodiuin  >*it!i  excess  of  iodine.  But  the  onmgo-yellow  mixture  colours 
litmofl  green  (from  the  yellow  of  the  solution  and  the  blue  of  the  tincture): 
1  a  very  small  quantity  of  chlorine  water  immediately  cliangus  this  green 
fttir  into  the  onvnwe-ycllow  of  tlie  solution  ofioJitie:  t bis  shows  that 
BO  cU urine  had  been  act  free  by  the  iodine.  (Dubail;  Gm.) — Phosjdiato  of 
peroxide  of  iron  is  soluble  in  hydrocbloric  acid,  but  not  in  acetic  acid, 
y^om  its  solution  in  hydrochloric  acid  it  is  completely  prwipitated  by 

F^eetate  of  potaah.  Now  if  the  potash  had  licon  divided  between  the 
fcydrorblnric  and  acetic  acidsi,  part  of  the  hydrochloric  acid  would  Jiavo 
r*ni!i(nfd  free,  and  would  have  held  some  of  tbo  phosphate  of  iron  in  solu- 
tion. (Gay-Lu8880  a.  a.  0,-also  Jim,  Chim.  Phtfs.  70,  41 C, — -Comparo 
»l*o  FersoK.  Chim.  molecul.  345.)— Tlie  oxperiments  of  Souhoiran  and  O. 
Henry  (J.  Phann.  II,  430,  v.ha  Maf}.  Pharm.  15,  44,  also  N.  Tr.  12,  1, 
266)  do  not  ]>rovo  much  in  favour  of  Berthollet's  views. 

Otiier  objections  to  Berthollet's  theory  of  distribution  may  be  deduced 
frotu  tlio  following  facta.  Oxalate  of  lead  digested  with  water  and  ad 
much  Hulpburii'  acid  as  is  necessary  to  saturate  tiio  oxide  of  lead,  is  com- 
pletely resolved  into  sulpliate  of  IceuI  and  free  oxalic  acid.  (PfafF.  Ann. 
Chim.  77,  266)  :  Berthollet's  remarks  ou  this  experiment  {Ann.  Chim,  77, 
288,)  arc  not  satisfa.otory. — Hyperiodato  of  lead  digested  with  ^vater  and 
a  quantity  of  sulphuric  acid  anuiewbat  less  than  that  reqtiired  to  take  up 
all  the  oxide  of  load,  yields  a  solution  of  byperiodic  acid  free  from  sul- 
pliDric  acid  and  from  hyperiodate  of  lead.  (Benckiser.  Ann.  Phunit.  17, 
257-) — Chloride  of  silver  mixed  with  water  is  easily  converted  by  Iron 
into  tnetallic  ."silver  and  chloride  of  iron,  the  latter  remaining  in  solution. 
Aooording  to  Bertbollet  the  contrary  result  hhoutd  be  produced,  since  iron 
b  more  coherent  than  .silver,  and  cJdorido  of  silver  is  insoluble  iu  water, 
"  le  chloride  of  iron  is  eolitlde.  These  last  experiments  likewise  show 
It  in»>o(ul»k' sulistances,  jiuch  as  oxaluto  of  lead,  chloride  of  silver,  ifec, 

'"STf  by  no  means  removed  from  the  sphoro  i>f  chemical  action. — Similarly 
Gay-LuBsac  ha^  shown  {Ann,  Chivi.  WW,  21)  that  a  metallic  oxide  inso- 
Inblf  in  water  may  completely  precipitate  another  from  its  solution  in  acids 
(*.  ;t.,  I'side  of  zinc  nmy  prcciiiitato  oxide  of  silver),  provided  it  be  added 
in    ■  '    juantity  to  saturate  the  acid. — 3  atoms  uf  iron  fused  with  ono 

at'i.  ulphtiret  of  antimony  complololy  jscparati^  the  antimony  from 

ibn  i<tijpli<u,  iIkju^Ii  no  solid  or  gaseous  compound  is  furnicd,  the  uielted 
siilphuret  of  iron  Ijfiuj^  in  a  stratum  above  the  melted  antimctny. 

it  ba»  alsti  been  shown  (page  !30)  that  hydrochloric  acid  decomposes 
cvbouate  of  linte,  and  forms  with  the  Ituie  a  perfectly  nentnO  solution, 
Vna  under  a  pressuro  sufficient  to  liiiuefy  carbonic  acid.  Now  siiJCQ  the 
hjrdroohloratn  of  lime  is  soluble  ami  the  carbonate  insoluble,  tho  contr,;ry 
eirpct  oujiht  to  be  prndnctMl,  according  to  Berthollct,  as  soon  as  the  escape 
of  carbonic  acid  is  prevented.  In  a  ^tniilar  manner,  hydrochloric  acid 
dccumpoMK  <utphitu  of  lime,  altfioiigh  (hat  salt  iR  iioarly  inbolubie,  and 
ndpliurouri  acid  \\rus  le&e  elasticity  than  hydrocbloric  aciu,  iDasbiucb  aa  it 
uuijttolied  by  smaller  prct<.?ure. 
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To  Bcrtbollet  mtisl  hd  cotiwdc*!  tlie  great  merit  of  IiaTins:  clomAj 
Dcnitiuized  tbe  tlieorj  of  nlfiuity,  examined  it  iu  a  npw  light,  ami  "lirccU 
atteiitioii  to  the  inflncDce  exerted  by  coliesioa  and  cla^lifity  on  the  mani 
feistutiiiiis  ^f  aflinitv.     But  tie  laid  t«d  little  *tres8  on  the  magnitude  of' 
affinity,  and  too  mach  on  tlii?  qnantlty  m  wliicb  substances  act,  aud  on  the 
infliiet]ce  of  coliMioii  and  elaetit-ity.     He  crroneonsly  supposed  that  a  iKMJy 
which  6opAnile«  in  the  solid  etato  is  rctuaved  from  the  crpliere  of  actioD, 
ihi^l  liadiosare  capable  of  combining  in  all  proportions,  and  timt  aeabetanoe 
divideaitsclf  between  two  others  in  the  propartion  of  their  chemical  manm. 

Sfcond  ffi/pofhfris.    Chemical  combinations  are  prodnced  by  a  pecnliu* 
power,  called  Affinity,  different  from  universal  attractioD. 

So  long  na  h  is  assnnied  that  universal  attraction,  aa  mflnife«t«l  in 
gTariUition,  acts  only  in  proportion  to  the  muss,  and  that  the  peculiar 
nature  of  a  substance  has  no  influence  on  its  amount, — it  ia  difficult  to  refer  ] 
tlie  inanifestatioDS  of  cohesion  and  adliesion,  and  impossible  to  attribnta 
thoBe  of  nffinity,  to  its  netion.  In  chemical  phenomena,  the  quality  of  s 
eubsttinc^  above  ail  things  deterrainos  the  exieteiico  and  atreng-tb  of  the 
attraction,  and  its  influence  ennnot  be  replaco<l  by  that  of  (jmuititf, 
Moreoror,  a  high  dej,'n;o  of  affinity  must  be  ascribed  to  the  impoiulerabw 
bodies,  which  are  not  subject  to  tho  laws  of  gravitation.  80  long  Iber 
fore  as  It  sball  renmrn  undemonstrated  that  gravitaliou  is  influenced  by' 
quality  of  matter,  and  that  the  hitherto  so-called  InijHjiKloraliles  pnttseaa 
weight,— or  el.'i©  that  the  phenomena  hitherto  attributeil  to  tbc  alKnitics 
of  these  bo<liGa  are  really  due  to  other  canaec  do  long  will  it  be  inort 
Bilvifable  (as  indeed  nmst  chemists  at  least  tacitly  do)  to  regard  affinity 
M  a  peculiar  power  distinct  from  all  others. 

Third  fftfjiothtsk.     The  union  of  heterogeneous  at^nns  in  tLo  restilt  of 
Eteefrical  Attraction.    {Eketroehmieal  Thforifg). 

Iu  some  of  those  theories  a  common  fundamental  pnwer  is  asmmed  I 
which  showB  itself,  sometimes  as  electrical,  eometinios  a.*  chemical  foreej  ■ 
in  others  the  combinations  of  ponderable  eubstances,  nniufluenceil  by  any 
affinity  of  their  owti,  are  Bupposed  to  arise  merely  from  the  mutual 
altmotion  of  the  two  electricities  attached  to  their  atomSj  wliieb  attr&e*| 
tion  Is  itself  regard o<i  as  a  kind  of  affinity. 

To  the  list  of  electro-chemical  theories  belong  those  of  WintcrlJ 
{N.  Qehl  0,  1  and  201);— of  Sir  H.  Davy  {N.  GfhL  5,  41,  nlso  Eirm. 
the  Chemical  Part  0/  Nat.  PAi7.)j— of  Duma*  (Phil,  of  Chrm.  p.  369),  j 
further  developed  and  contested  by  Qrotthu^s  {Pkifs.  Ch»n.  Investit/afiortt, ' 
1,  44): — of  Am  JVC  re  {Potjg.  2,  \^'i); — of  Becrjucre]  {Ann.  Ckim,  Phijg.  24, 
192);— of  Ferre  {Ann.^Chim.  P/n/t,  2S,  417);— of  Scbweij:ger  {S'chw.  5,1 
49;  e,  SSO;  7.  302  and  51.5;  8,  307;  U,  54,330  and  435;  14,  510;  25,1 
158;  Si),  '2X4;  40,  0;  44,  70;  52,  fl7);— and  of  Fcchner  (Sc/nc.  ,-5?,  27). 

The  elertro-chetnienl  theory  of  Bertellns  demands,  aa  the  fullest  and 
moat    conEceutive,   a    more   detailed    explanation.- — Comjwunds    ustialiyJ 
called  chemical  are  divided  into  two  clasaea.     The  lr«s  vttitm^U  wbotisj 
fonnalion    is  atlendcd  with  lowering  of  temperature — e.  ff.  solution?  of] 
salt*  ill  trater — must  be  regarded  (since  all  solid  bodies  are  not  solnble  in  i 
water)  as  resultinfj  from  a  specific  attraction   (comp.  page  34  1,  2);  tlifl 
atoms  of  the  solid  body  (Jifl'itse  themselves  tbroojB'b  (be  liquid,  till  each 
atom  is  surrounded  by  an  equal  number  of  ntoras  of  (be  li<piid. — The  mora  I 
intimate  compounds  are  tbe  really  chemical  or  cloctro-cln  inira]  combina- 
tions.   These  result,  not  from  any  nmtnal  affinity  between  their  ponrlerablo  , 
elements,  but  from  that  of  the  elcetrieittes  attaehe<l  to  their  utoms.     The ; 
atom  of  each  substAnco  has  two  poleiS,  on  which  the  two  opposite  cieotrioitioa 
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•W  Mi0Wn^t«4  in  ditforont  proportions,  ticcording  to  the  natnro  of  llio 
hoiUee.  Th©  atom  of  many  LoJies,  oxygen  for  instaiieo,  haa  a  larg* 
<|Mntlty  of  negative  electricity  atta*bo«l  to  one  of  Itspolei?,  and  but  a  v*»ry 
tfiuUI  tittiiDtity  of  positive  Heetrieity  at  tiiu  other;  that  of  otliur  bodies^ 
potadaium  for  example,  has  n.  large  quantity  of  positive  electricity  &t  outt 
pole  and  vpry  little*  iiegfitiTe  electricity  »t  tlic  otber,  Tbustiie  elvmentarr 
RiWtaDce«  iire  divided  into  elect ro-negative  and  ekctro-positipe.  To  earn 
•jcmoot  however  tbero  belongs  n  particular  pniporlion  betweon  tbe 
qImntltit^s  uf  tbo  two  electricitio*,  Oiyeen  has,  of  nU  tlio  electro- 
negative elements,  the  greateBt  qunutity  of  ucgalivo  electricity  at  one  of 
iU  jHiles  and  the  Bmnllest  cjunntity  of  positive  clectrieitv  (it  tlio  otbcr — 
tfcen  ftdlfjw«  sulphur,  then  nitrogen,  Ac,  and  lastly  Iiyiimgnn.  in  vhich 
tbo  qaantities  of  the  two  electricities  are  nearly  eijiial.  Of  all  clci^tro- 
po*itivo  substances,  potassium  Las  the  largest  qoautity  of  positive  and  tho 
RtMllr!(<t  of  negative  electricity;  and  this  inci|uality  ctjntiuually  dlmiuLsbes 
ia  other  hodit"«,  till  wp  cum©  to  goldj  in  which  the  positive  electricity  pro» 
Jonuiuitrts  hut  little  uver  the  iie<:;Htive— ^o  that  this  clement  occupicii  the 
fltti  place  to  hydrogen.  According  to  lhi.»,  the  ckmciita  BiicccaU  one 
Miotber  it)  the  electro-chemical  eeries  of  Berxelius  as  follows,  beginning 
with  «lie  electro-negattvo. 

:^ff'}(iva:  O,  S,  N,  F,  CI,  Br,  T,  Se,  P,  As,  Cr,  V,  Mo,  W,  B, 
C  i  a,  Ti,  Si,  H. 

hl^^iro-poxitivt:  Au,  Os,  !>.  Pt,  Bh,  Pd.  H^,  Ag,  Cu,  U,  Bi,  Sn,  Pl«, 
Cd,  Co,  Ni,  Fe,  Zn.  Mn,  Ce,  Th,  Zr,  Ah  Y,  6,  Wg,  Ca,  Sr,  Ba,  L,  Na,  K. 

In  the  combination  of  an  electro- negative  with  an  elcctro-poeitivo 
l>odr.  the  vredomiuaut  ne^T^tiTe  electricity  of  the  fonner  unit<38  with  the 
j<i'  (  iMjsitivo  electricity  of  the  fatter.     Before,  however,  conihi- 

n:>i  ^  place,  the  former  substance  exhibits  ne^tire,  and  the  latter 

|>opitivo  plertrieity  in  the  free  state;  and  the  tension  of  the  two  elcctriei- 
lies  pontiniially  increase*  as  the  bodies  approach  the  temporatnre  at  which 
oombinntion  takes  place.  Hence  we  have'  an  explanation  of  eh-cinctUj  by 
eontad.  At  the  inptant  of  combiQation,  the  nogativo  ptjles  of  the  atouiu 
of  the  first  budy  turn  themaelvea  towards  the  positive  polea  of  thoeo  of 
the  Bocond;  and  pince  it  is  only  in  the  fluid  state  tluit  the  atoms  powieM 
the  mobility  necessary  for  this  arrangement,  it  fallows  that  gulid  boilios 
bn-—  -"'niUy  speaking,  no  chemical  action  on  one  another.  The  two 
f  1'  iif  tbeac  poleg  now  combine  and  produce  htiat  or  ftre,  wbere- 

np' 111  tijiy  disappear.  Ia  every  chemical  combination,  tlierefon.%  a  ncu> 
tralixatttm  of  the  opposite  electricitiea  tal<c8  place,  by  which  beat  or  flro 
is  produced  in  tho  same  inanacr  as  in  the  diacharjje  of  the  electrical  )iil<> 
or  of  liL'htning',  excepting  that  these  lart-nIentioIJe^l  pbenomcna  are  not 
■/••  1  by  any  chemical  combinatton,  at  least  uf  ponderable  bodies, 

£  iiicttl    Combination    ie    therefore   an    electrical    phenomenon 

iadmy  un  tho  electrical  polarity  of  the  atoinM. 
^-   Biure  the  electrical  series  docH  not  ac<>onl  with  tho  order  of  altinilv — 
tIDOc  for  exjitiipbr,  the  highly  electro-negative   sub«taneo  oxypcn   han, 
•rrtinlin^r  to  cxperimeut,  less  tendency  to  combine  with  the  clcctro-jiositivo 
It.   '  -han  willi  Milpliur  which  B(and«  next  t"  oxygen  in  the  clectrJcnl 

»»•.  I  .     /A\ii'i  huppfi^cs  that,  althuUfjb  in  the  atmn  of  gold  tho  ponitiva 

eJortricitv  uf  the  eiie  pnlr  \i  uf  greater  amount  tlian  the  iicj,'ative  elcfttrity 
«f  tbo  «lhor,  nevcrtii' li«H  the  absolute  quantity  of  positive  electricity 
•xialtu^  at  one  pole  of  the  atom  of  gold  is  le«a  than  liiat  which  is  prreent 
•I  oi»«  polo  of  the  atom  of  Rulphur, — the  latter  containin^t'  however  n 
Meb  gnnUit  i]uantity  of  uc^rativo  eloctricity  at  ila  other  polo  tlian  Ihv 


15S 


AFFINITV. 


guld^&toni  poeeeesea.    Suppc«e  for  mstAtire  that  the  quantity  of  negstt< 
electricity  at  one  pole  of  the  gold-atom  ^  1,  of  the  p(>eitive  electricity 
thu  other  =^  2,  of  tbc  ne^^ative  at  one  pole  of  tho  siilphur-atoni  =^  1 
anii  that  of  tbe  pogitive  iit  the  other  pole  —  4;  tben  the  positlvo  electri- 
city weII  predomiuat'e  in  tho  gold  atom  and  the  negative  in  the  i^u]phuT. 
but  the  sulphur  will  posseas  a  much  higher  degree  of  electrical  polariz 
(ion  than  the  pold;  the  positive  electricity  accumulatc'J  ut  iU  poaitiv 
ftole  will  therefore  be  able  to  neutralize  a  greater  quantity  of  ncgati' 
electricity  in  the  oxygen  than  the  poeitive  electricity  of  the  gold;  hone 
tlic  greater  tcnrleucy  of  oxygen  to  combine  with  sulphur  than  with  gold. 

In  tho  same  hody,  the  degree  of  electrical  poIarisation,^ — i.  e.  the  abao- 
lute  quantity  of  tho  two  electricities  in  the  atomic  polos— varies,  accwKJlng 
to  Berselius,  with  the  temperature,  and  is  generally  increased  by  eleva- 
tion of  temperature.  Many  bodies,  such  aa  carbon,  which  appear  to 
have  but  very  weak  polarisation  at  common  temperatures,  often  become, 
highly  polarized  at  a  red  heat,— hence  their  combination  with  oxygen 
that  tt'mj>eratnre.  Many  substances,  ou  the  contrary,  such  as  gold 
which  Lave  altogether  but  weak  polarization,  freqnetitly  show  it  in 

Jrcater  degree  at  low  than  at  high  t^uijieratures,  at  which  indeed  it  often] 
isappears  entirely. 

Electro-negative  bodies  ia  combination  with  oxygen  generally  fonnl 
electronegative  coiuxwunds;  e.  ff.  eulphur  produces  eulphuric  acid;  eh 
tro-positive  substances  give  clectro-positiro  compounds;  e.g.  potMsinni " 
produces  potash. 

The  decomposition  of  a  compound  prmluced  by  electro-chemical  nea- 
traliiation  can  only  take  place  when  the  elements  have  their  former  pola- 
rity restorc^l  to  them.     That  the  untied  elenicnls,  after  the  neutralizatioa 
of  liieir  opposite  electrical  states,  arc  held  together  by  a   force  which 
resists  all  mechaniciil  means  of  separation,  does  not  reiult  from  any 
innate  power  (affinity),  otherwise  tbe  pcrmanenco  uf  the  cond»iuatit>a 
would  not  be  subject  to  the  influonco  of  electricity.     But  the  moat  in ti-J 
Mjate  chemical  combination  may  be  destroyed  by  r«jstoriag  the  electrical  1 
polarity  of  the  elements.     In  this  deconipoBition  of  c»mpouuds  by  the 
electrical  current,    the  acting  electricities  disappear  and  the  clcineuta 
loaesume   their   former  chemical  and  electrical  properties.      If  A  B  ia] 
roeolvud  by  C  into  A  C  and  B,  C  must  have  greater  intensity  of  electrjcall 
polarization  than  B.     Hence  there  reeults  more  complete  neutralizatioa] 
between  A  and  C  than  that  which  l>efore  existed  between  A  and  B;  thia| 
gives  rise  to  devetopmout  of  heat,  and   B  reuppears  with   its  original 
polarity.     A  substance  capable  of  cunibiiiing  with  others,  sometimes  &g. 
an  electro -positive  sometimes  aa  an  electro-negative  element,  can  only  bo 
separated  from  the  first  mentioned  combinations  by  bodies  still   inuro 
positive,  and  from  the  latter  by  bodies  still  more  negative:  e.ff.  sulphur 
can  only  be  scpanited  from  its  combinatiniis  with  oxygen  by  bodies  which 
are  more  positive,  and  from  its  combination  with  lead  by  bodies  which 
are  more  negative  than  itself 

This  theory  of  Borzelins  is  encumbered  wllh  the  following  difficultiea: 
— (I).  No  precise  demarcation  can  be  drawn  between  the  Tcso  intimate 
chemical  combinations  supposed  to  he  produced  by  affinity  and  the  more 
intimate  ones  wbioti  are  ascribed  to  electrical  action.  At  all  events  jt 
does  not  seem  eonfurmalde  to  nature  to  ai^.'iumc  tbe  existence  of  two  totally 
different  causes  for  tliesc  two  very  similar  clasectf  of  conipouuds.  Ac- 
cording to  this  view,  oue  atom  of  sulphuric  acid  should  comliim*  with  tbe 
Gjnst  two  or  three  atoms  of  water,  not  by  alKnity  hut  by  electrical  attraction, 
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"™  *itit  any  further  quantity  of  water  by  affinity.     Now  if  siilpKurie 
.vir|  cinnbitH'J  witli  three  atoms  of  water,  possess  affinity  for  water,  why 
>'"'iilil  riflt  tbe  same  sicifl  whuti  pnrs  or  when  combined  with  one  atom  of 
*»ti?r,  iilso  have  affinity  for  water?— (2).  What  ia  it  that  induces  the  two 
'icciricilies  to  accunmlate  each  by  itself  in  definite  quantity,  on   two 
''fjmkt:  points  of  an  atom  which  must  bo  regarded  aa  a  hcfmogeneouB 
»»!«?    What  prevents  their  combination  3     Are  tho  atoma  of  all  bwliea, 
•Tea  of  metals,  perfect  nou-conductors?     Again,  when  sulphur  and  lead 
ire  melted  together,  the  negative  electricity  of  the  sulphur-atoms  is  sup- 
piMswl  hy  Berzeliua  to  cmiibine  wltti  the  positive  electricity  of  the  lead- 
ttoras,  the  combination  being  accompanied  by  a  development  of  light  and 
Leat.     Why  does  not  the  negative  electricity  at  one  pole  of  an  atom 
of  sulphur  combine  with  tho  positive  electricity  at  the  opposito  pole  of 
another  atom  and  produce  lire,  when  the  sulphur  is  melted  by  itself? — 
(3),  If  cnmbiuations  are  produced  not  by  the  affinity  of  the  clcmcnta  but 
by  electrical  polarity,  every  substance,  simple  or  compouud,  should  be 
enpalile  of  combining  witli  every  other  whose  atomic  pnlos  contain  tbe 
two  electricities  in  diflcrctit  proportions;  wliy,  for  example,  should  tho 
predunitiiating  poBttive  electricity  of  niorcnry  combine  with  the  negative 
electricity  of  tellurium  and  uot  with  that  of  carbon? — (4).  It  is  not  easy 
to  discover  by  what  force  combined  sulwtancea  are  held  together.     Tho 
bpterO|S,'eiieous  utomjs  unite  in  consequence  of  their  adhesion  to  the  oppo- 
site electricities;  hot  when  these  have  been  neutralijieil  by  combination, 
it  might  be  expected  that  the  atoma  would  fall  asunder  and  allow  tliem- 
*  Tea  to  bo  easily  acparatod  by  friction  and  other  mechanical  forces, 
bich  is  by  no  means  the  case.     In  order  to  overcome  this  difficulty, 
Domo-'s  supposes  {J'/tiloi.  of  Cktm.)  lliiit  in  the  combiuatioii  of  oxjrgen 
ftod  hydrogen,  for  example,  the  negative  pole  of  the  former  places  itself 
towards  the  positive  pole  of  tho  latter,  and  ttic  positive  pole  of  the  former 
townrda  the  negative  polo  of  the  latter;  moreover,  that  the  atoms  «in 
only  give  tip  the  electricity  of  one  of  their  polos — that  it  is  only  on  this 
aide  that  clectrioal  neutralization  takes  place,  vii.,  of  tbi^  negati%*e  electri- 
city of  the  oxygen  with  tho  positive  of  the  hydrogen — that  on  the  contrary 
th«  electricities  of  the  two  other  poles,  viz.,  tho  positive  of  tiro  oxygen 
And  the  negative  of  tbe  hydrogen  remain  nncombiTied,  and  hold  the  atoms 
onitcil  by  their  mutual  attraction.     But  this  assumption — that  the  clectri' 
city  of  only  one  pole  of  an  atom  can  combine  with  the  opposite  electricity  of 
»ttter,  and  that  those  of  the  other  pedes  are  incapable  of  uniting — would 
Lonly  be  a  new  enigma,  but  admits  of  positive  contradiction;  for  in 
!lo  combination  of  sulphur  with  oxygen,  the  posiiive  electricity  of  the 
mtlphur  must  unite  with  tho  negative  of  tho  oxygen;  and  in  the  com- 
liiuttllon  of  milphur  with  the  metals,    its    ne/fadve  electricity  with    the 
jK>*ittvo  of  the  metal.     Ei!ibrrnlt's  exptamuion  (Ann.   Chim-.  Phyt.  61, 
"    i  ;  alw)  J.  j>v.  Cti'-vi,  H,  343,)  agrees  m  the  main  with  that  of  Dumaa. 

The  theory  a«lopted  in  the  present  work  Is  as  follows : — Ponderablo 
Tjoilics  have  afHiiity  for  one  another.  The  two  electricitlca  are  subatancca 
which  likewise  possess  affinity  fur  each  other,  and  by  whose  combination 
m  tlie  proportions  in  which  they  neutralize  each  other,  heat  (fire)  ia  pro- 
ducoij,  Tho  individual  electricities,  and  likewise  heat,  have  considerable 
4ffinily  for  ponderable  substances,  and  am  nnited  to  them  with  greater 
Ibrco  and  in  greater  ijuantity,  the  more  simple  the&e  ponderable  substanr^a 
■re.  Pondenible  bodies,  nccording  to  tliolr  nature,  have  a  greater  or  less 
necm  of  |iO(<itive  or  negative  electricity  united  with  them  in  addition  to 
•  ^kfinite  iiniuitity  of  heat.     Thus,  oxygen  probably  contains  the  greatest 


rftolnssitiin  of  neffaiive  elcclricitj.     Bodies 
I  Ikaar  Kro  extrMnes  eonlain  a  larger  quantity  of  heat  with  a 
•nHkttf  on*  or  the  othor  kind  of  electricity,  the  proportioii  of^ 
i^r«*  fTMtijr  nccortling  to  their  natare, — and  thus  form  an  e\ec- 
•■'  hich  }ierbapa  coincides  with   the  coIdpiu  of  affiaity  of] 
• » i . 
<r«ai>iiuiliou  of  two  ponderable  bodiea  a  the  result  of  two  fotMi^ 
lafittity  iif  the  poudcrahlo  hodies  for  eaeh  other,  and  the  atfioity  of 
ity  wtiirh  i;^  in  excess  in  the  one  hody  for  thi&  opposite  elee- 
■MJi^  wlikh  pretiominatea  in  the  other.     By  these  two  forces  the  affinitj 
•f  IM  •kctro-TiegiitivQ  bo<ly  fur  the  poeitive  electricity  uniled  with  it, 
tmi  iImU  of  iho  olectfo-poaitive  body  for  the  negative  electricity  combined 
viiK  it,  Ai«  overcome.     The  result  is  best  and  the  ponderable  compoand. 
Tke  Utier  reluins  the  CTceaa  of  positive  or  uega,tivc  electricity,  by  which 
H  AMUiret  oillicr  an  electro-ucfrutive  or  electro-positive  character,  and 
likwiM  part  of  the  bent— whilo  another  portion  is  set  free,  and  giree 
riH  to  llio  development  of  hent  or  fire,  by  which  most  chemical  comhi- 
MthMU  are  accooipauiod.     When  combinatioD  takes  place  between  two 
bwiiM,  both  of  which  contain  a.n  excess  of  the  same  kind  of  electricity— 
#  '        ti  and  sulphur,  which  contain  free  positive  electricity  in  dif- 

fi  :itic!!, — -it  is  simplest  to  enppose  that  the  combination  is  the 

t\  l\'  of  the  affinity  between  the  two  ponderable  bodiea,  that  th« 

Hi  *  j     Hid  Contains  the  sum  of  the  excesses  of  positit'e  electricity, 

and  Lliiit  tLc  (levciopment  of  heivt  k  a  conei^qnenee  of  the  inability  of  the 
sew  minpounJ  to  ivtain  a^  much  heat  united  with  it  as  wob  before  c(^u^_ 
btneil  with  it«  contttituent^.  ^^H 

U'litn  a  jMiiidcrablc  compound  is  decomposed  by  elcTation  of  tempo^^H 
tnro — f . '/.  oiido  of  silver  at  a  red  boat  into  oxygen  ga*  and  silver — it 
niay  ho  suiiposod  that  the  affinity  of  silver  for  negative  electricity  +  thai 
of  nsygon  for  positive  electricity  +  that  of  beat  for  oxygen  is  gmtw 
than  tlie  affinity  of  silver  for  oxyjjen  4-  that  of  the  two  electriintiea  for 
each  other.  Hence  part  of  the  heat  is  resolved  into  its  elemeutfi  and 
tinitosas  negative  electricity  with  the  silver  and  positive  with  the  oxygon 
(.SVA,  101).  The  decompositions  of  pontlerablo  componml a  by  ponderwile 
(ubstances  may  perhaps  take  place  aa  follows.  When  chlorine  at  a  red 
heat  expeU  oxvgen  from  pota.«b,  forming  cliloride  of  potasjiium,  it  transfers 
that  portion  of  positive  electricity,  which  in  combining  with  pare  potaa- 
aiam  it  wonid  have  given  op  to  the  negative  electricity  of  that  substaoM 
■ — to  the  oxygon  which  has  lost  its  own  positive  electricity  by  combining 
with  the  potassium  (Scfi.  102). — When  potassium  in  contact  with  water 
produces  pota*h  and  hydrogen  gas,  the  negative  electricity  of  the  polus- 
^uni  ewe  over  to  the  aisengaged  hydrogen,  which  in  forming  water  had 
piv  ■  '  jiven  up  it«  own  negative  electricity  to  the  positjvo  clw?tricity 
f,f  i  n  (.?(•/(,  103).     The  name  takes  place  in  the  eofntion  of  aino 

in  piinric  acid  :  its  negative  electricity  goes  over  to  the  escaping 

h\-  -  (.S'cA.  104).     [For  thu  explanation  of  the  decomposition  of 

liy  the  electric  current  according  to   this  hypothesis,  rid. 

2.  Bynamic  llypotJiesii. 

A  sdImUiim  which  to  our  eensoj^  appears  continnouK,  like  gins,  it 
Btvwinsa  In  tcalitT."  it  doe^^  not  therefore  consist  of  ntoino  nnrr  cmptj 
Mw««t  k«t   fill*  romplclely   the  ppace  iiuluJeJ   botw.  -* 

■nMfr  la  tkerefon  (•{tablvof  trxpaiidiug  and  contmctin^ 
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own  intrinsic  natnre,  not  in  consequence  of  tbe  widening  or  narrowing  of 
pores  contained  within  it.  In  chemical  conihinatiun,  the  elements  have 
the  power  of  diffusing  themselves  through  each  other  without  limit,  so 
that  in  the  smallest  point  of  the  compound  both  elements  are  alike  pre- 
eent; — ^the  elements  do  not  lay  themselves  side  by  side — they  penetrate 
each,  other. 

A.  Kanft  Theory, 

Matter  is  a  self-existent  essence,  and  is  actuated  by  two  forces,  the 
force  of  attraction  and  the  force  of  repulsion.  It  may  mdeed  bo  pressed 
together  by  external  force,  but  only  to  a  certain  point, — for  its  repulsive 
force  Increases  with  the  condensation.  The  action  of  different  kinds  of 
matter  on  each  other,  whereby  through  their  innate  forces  they  alter  the 
combination  of  each  other's  parts,  is  chemical  action ;  it  consists  some- 
times in  Bolntion,  sometimes  in  decomposition.  A  perfect  solution  would 
be  anch  as,  in  its  smallest  particles,  would  contain  the  heterogeneous 
sabstances  in  the  same  proportion  as  in  the  whole.  Kant  however  leaves 
it  undecided  whether  such  a  solution  is  ever  actually  formed ;  but  it  may 
be  imagined — for  if  the  action  of  the  solvent  power  be  continued,  the 
division  must  still  go  on  and  that  without  limit,  so  that  ultimately  the 
volume  of  the  solution  will  be  uniformly  filled  with  each  of  the  two 
elements  at  the  same  time,  and  thus  they  will  have  penetrated  each  other. 
(Kant,  Anfangtgr.  d.  NaturwistenKhafi.    Aufl.  3,  s.  75.) 

B.  Schelling'a  Theory. 

Matter  is  not  an  original  essence,  but  derives  its  origin  from  the  con* 
iSict  of  the  attractive  and  the  repulsive  force ;  and  its  various  qualities 
depend  upon  the  quantitative  relation  of  these  primary  forces.  Chemical 
tetion  takes  place  only  between  heterogeneous  bodies,  tbuso  namely,  in 
one  of  which  the  relation  between  the  primary  forces  is  the  reverse  of  that 
in  the  other.  The  resulting  compound  is  the  mean  dynamical  ratio  of  the 
primary  forces  which  have  been  brought  into  activity  during  the  process, 
and  consequently  its  properties  differ  essentially  from  those  of  its 
elements.  (Schelling,  Ideen  zu  einer  Fhilotophie  der  Natur.  Aufl.  2, 
1803,8.453.) 

[Pandar:  SpecukUion  concerning  the  Nature  of  Matter.  Phil.  Mag. 
^'  «4, 136.]  ^ 
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THEOHY  OF  THE  AFFmiTY  OF  INDIVIDUAL  SUBSTANCES. 


SECTION  I. 

CfitEMISTRV   (yf   IxPOttBERASLn  BoDIES. 

TuE    Impowleralile    Bodies,    Imponderables^    Ethereal    Soljstaa 
Radiant  Power:?,  or  Iticoercibles,  are  dietinguUted  from  p<)nderable  su' 
stances  cliicfly  l)j  the  fullowing  cliaractors. 

K  Tlrcy  aro  without  weight,  so  iar  at  least  as  onr  balances  can  show. 

2.  Tln-y  arc  in  the  higliesst  degree  expansible, — and  therefore  when 
uiicqualiy  dii^trihuted  did'iitic  themselves — for  tbo  most  part  quickly  and 
by  ttiJiatinn  jn  atniight  linea — through  those  spaces  which  offer  no  opp  ' 
sitiou  to  their  progress. 

B.  They  peuotrato  bodiei  wliitsh  aro  impenetrable  to  all  pondcraU! 
sabstanccB. 

4.  Generally  speaking,  they  manifest  lhem:?elros  direetly  tu  Imt  fe' 
of  our  Geiu^es ;  inagnetiBtu  to  none,  liyht  and  heat  to  one,  only  electricit 
alone  to  several. 

The  properties  here  noticed  certainly  render  it  doubtful  wUetlier  tlid, 
enu.«ation6  of  light,  heat,  &c.,  should  be  attributed  to  the  direct  action 
peculiar  kinds  of  matter,  or  whether  they  are  not  rather  aiused  by  tK 
vibratitm.?  of  certain  supposed  elastic  fluids  of  extreme  tenuity,  like  th 
lumiuous  ether,  &c. ;  the  former  euppositiou  is  however  the  simpler 
the  two,  and  better  adapted  than  the  latter  to  a  chemical  ^-iew  of  the 
subject. — According  to  the  undulatory  theory,  the  coloured  rays  of  IJ 
are  distinguished  from  one  another  hy  the  different  Ureadtha  of  the  wa 
of  the  luminous  ether ;  and  when  they  all  fall  on  the  eye  together,  they 
produce  the  sensation  •>f  pure  colourlefts  light.  How  different  would  bo 
the  ini])reesion  produced  by  the  whole  eeries  of  sound-waves  if  they  were 
all  to  invade  the  car  at  once! 

The  ImpondemhJea  arc;  Light,  Heat,  Electricity  and  Magnet iam :^ 
Ab  these  Bubistaiiccs  arc  all  fully  discussed  in  physics,  we  shall  in  this 
work  confine  ourselves  principally  to  the  chemical  relations  of  the  first 
llireo  towards  ponderable  bodies, — omitting  magnetism,  which  appears  to 
oxcrt  no  influencti  on  the  chemical  rclationa  of  ponderahlc  bodies. 
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Sthomvxss.     Lummota  Swkttance,  LigAt-^rodacing  MaiUsr,  Luminms 
MaUer,  Lumxirt,  Photoghie. 

Light  ia  that  sabstanco  which  excites  in  our  ©yes  the  aensatlon  of 
lirigbtnaw  or  vieiun. 

Pkgtieal  Propftiitt. 

1.  Light  in  Jinponderable.  ,    .     ,r        e 

it.  It  is  in  tbc  hiybcst  degree  expansible:  it  spreads  itself  out  from  m 
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point  of  origin  in  straigbt  lines  or  Rays  with  extraonlinarj  quickoes^J 
paasing  over  42,100  milea  in  a  second.  Its  inteneity  Yaries  inversely  ul 
the  sqaa.re  of  the  distance  from  tbe  laminous  source. 

3.  It  penetrates  the  air  and  all  other  trantpareal  bodies  more  or  le 
Bmpletely;  whilst  opaque  bodies  either  do  tiot  transmit  it  ut  all,  or  only 

VUen  th«jy  are  in  very  thin  laminaj,  ] 

4.  ^Vliea  in  passing  throagh  a  transparent  mediam  it  falls  on  otherl 
bodies,  transparent  or  opaque,  it  is  partly  thrown  back  ot  re/ect^d, — anil 
in  each  a  manner  that  the  incident  and  reflected  mya  make  equal  aogles] 
with  tbe  reflecting  eurface. 

5.  When  a  ray  of  light  tiaTelling  tbrooeh  a  thin  metlium  passes  n« 
a  denser  body,  its  course  is  somewhat  altered, — it  13  inAecUd- — it  snffers  a 
bending  ot  Infiejrwii. 

6.  When  a  ray  of  light  passes  in  an  oblique  direction  from  one  medium 
to  another  of  different  density  and  combustibiljtyj  its  course  is  likewise 
altered;  the  light  ie  broken  or  Rtfracttd.  If  the  second  me^lium  ia  denser 
or  more  combusitible  tban  the  first,  the  ray  is  beat  towards  tlie  ijcrjiendi- 
culjur,— and  conversely. 

Inflexion  and  refraction  may  perhaps  bo  explained  by  supposing  the 
attraction  or  stdbesion'of  bodies  K>r  Ugbt  to  increase  with  their  dettditj 
and  combustibility. 

7.  Dixptrtion  of  Colour.^At  every  refraction,  a  colourless  ray  of  light 
ia  separated  into  seven  coloured  rays.  These  are,  beginning  with  the  most 
refrangible :  violet,  tndigo,  blue,  green,  yellow,  orange,  rod,  [Lutninouii 
and  €ol*}urfii  Spectra.]  The  yellow  and  green  raya  are  the  moet  lunii-' 
nous.  Far  beyond  the  boundary  of  the  violet  there  exists,  according  to 
Seebcck,  a,  fatut  violet  light  which  gradually  becomes  colourless* ;  simi- 
larly, red  light  exista  beyond  the  assigned  limit  of  the  red.  None  of 
the  coloured  rays  experience  any  further  change  of  colour  by  a  second 
refraction, 

8.  When  light  falls  at  a  particular  angle  (35*  for  glass)  on  the  sur- 
face of  a  body,  tbe  reflected  light  is  found  to  possesa  peculiar  properties;  | 
it  is  Polarized.  For,  if  the  ray  thus  reflected  fall  on  a  second  flat  sur- 
face of  the  same  body  at  tho  same  angle,  it  is  completely  reflected  there- 
from, when  the  second  surface  is  parallel  to  the  first  or  makes  a  right 
angle  with  it;  but  no  reflection  tiuces  place  when  the  second  surfuce  is 
turned  round  through  an  angle  of  90',  so  that  the  ray  which  falls  on  the 
first  surface  would  make  a  right  angle  with  the  ray  reflected  from  the 
second  f. 

9.  In  a  great  number  of  media,  viz.,  in  crystals  not  belonging  to  ihoj 
regular  system,  and  in  certain  uncrystallizcd  antnial  subatancca,  a  ray  o( 
light  is  split  into  two  distinct  rays  oppositely  polarized :  DnnUe  Rtfrac 
lion.     Conip.  Brewster  {Edinburgh  J.  o/Sc.  5,  1;  also  Sc/iw.  33^  340). 

*  The  existence  of  luminous  rays  having  a  fnlnt  violet  or  rsther  11  ittvftidrr  prty 
eolonr  liiis likewise  been  proved  by  Sir  John  Herichel  {Phil.  TVon*.  IM40,  Pt.  I.) 

t  The  my  incompletely  re-Acrtod  when  the  plane*  of  incidence  on  the  first  and  •Monil 
sarfnces  coinciiie  ;  no  reRectiDU  takes  place  wbea  tbey  are  perpendicular  to  escli  otber. 

Cw.] 
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CHEMICAL  RELATIONS  OF  LIGHT, 

J.  Relations  op  Light  to  the  other  Impondebables. 

1.  Belation  of  Light  to  Heat, 

A.  Development  of  Heat  hy  Liijht. 

ponderable  bodies  absorb  a  portion  of  the  light  with  wUich  they 
come  in  contact.  The  quantity  thus  absorbed  Is  greater  in  proportion  to 
IliMr  opMity,  and  the  darkness  and  roughness  of  tUoir  surfaces,  Traoft- 
parcet  bodies,  with  i^hite  shining  surfaces,  absorb  the  least,  inasmuch  aa 
the  greater  pa,rt  of  the  liglit  which  falls  on  them  ie  either  transmitted  of 
rB&ecte<L  The  more  light  a,  body  absorbs,  tho  hotter  dooa  it  become  when 
exposed  to  the  eun's  rays. 

In  eunahine  which  raises  a  mercurfal  thermometer  to  38"  C.  (100°  Fah,) 
1  ball  of  pti>^  bismuth,  one  inch  in  diameter,  rises  to  50°  j  the  same  ball, 
covt^red  with  indiuu  ink,  to  5^";  with  lainp-bLick,  to  59°;  and  with 
white  piunt  to  43" :  when  coveted  with  a  blue  colour,  the  ball  jb  more 
irtrongty  bented  thnn  when  clean;  but  lesa  strongly  when  painted  rod. 
{Bockmann.) — If  a  number  of  piei-es  of  copper  of  efjual  sizes  are  covered 
with  viirioug  colours,  tho  blat^k  becomes  luoet  boated  in  the  sun,  then  the 
Wnc,  then  the  red  and  green,  then  the  yellow,  and  lsi»tly  the  white. 
{H.  Davy.) — Pieces  of  cloth  laid  upon  snow  in  tho  sunshine  eiiiU  dcejicr 
the  daj-ker  they  are  in  colour.  (Franklin.) 

iJlcat-colhctor  of  Sausaure  !ind  Ducarehat.] 
"be  concentration  of  the  sun's  rays  by  means  of  bnming  glasses  or 
tuirrora  is  one  of  the  most  powerful  means  of  producing  a  high  (cnipo- 
ruture. 

Flaugergnes  has  shown,  by  experiments  made  during  a  solar  eclipse, 
that  the  light  of  the  sun  has  the  same  heating  power,  whether  it  proceeds 
from  tbo  edge  of  the  disc  or  from  tho  centre. 

Daniell's  supposition,  tbat  tho  solar  rays  have  less  heat-producing 
wwer  at  the  equator  than  in  the  temperate  reKJona,  has  been  shown  by 
Gay.LnEsac  {Ann.  Chim.  Flt^s.  26,  375)  and  foggo  {Edinb.  FkU,  J.  U, 
(^)  to  be  incorrect. 

The  light  of  the  sun  loaos  but  very  little  of  its  heating  power  by 
puiiDg  through  a  plate  of  glo^. 

Solar  light  refracted  through  a  prism  shows  tho  greatest  heating 
power:  according  to  Landriani,  in  the  yellow;  according  to  Roehou, 
Between  tho  yellow  and  the  red;  according  to  Herschel  and  Englcfidd, 
beyond  the  utmost  limil  of  the  red;  according  to  Berard,  at  tho  furthest 
odge  of  the  red,  whilat  the  heating  power  of  tho  almost  invisible  rays 
■itaatcd  beyond  the  red  is  only  ^  Q^  great;  according  to  Leslie,  in  the 
ttd,  whilst  beyond  the  red  scarcely  any  heating  effect  was  produced. 
Swbcek  however  has  shown  that  the  heating  power  of  tho  e<jloured  rays 
Tarteo  with  the  nature  of  the  prism.  According  to  that  philosopher,  the 
brating  power  of  ttie  coloured  rays  gradually  incrnaees  from  the  extrcmot 
edgo  of  the  violet  or  about  j  an  inch  beyond  it  (where  it  is  weakest) 
ijugb  the  blue  and  green,  and  attains  its  raasimum ; — with  a  prisni 
*  with  water,  in  llio  yellow;  with  a  prism  filled  with  oil  of  vitriol,  or 
a  (wdtition  "f  sal-ammoniac  and  corrosive  sublimate  together,  between 
Lheyellosv  and  thtj  rcil;  with  a  prism  of  common  white  glii«s  and  crown 
flui   in    the  full  red;  and  with  a  prism  of  fitntr-glass,  beyond  the  red. 
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Whatever  mar  lie  Ibo  tiature  of  llio  prism,  h^l  is  alwaya  roiiiilfcsuxi ' 
Iwyond  the  red,  but  grfiduiilly  diinmishea  a*  tlie  dtslaQCe  from  the  citreme 
limit  of  the  red  increii^es.     With  a,  jirium  of  rock-salt  tbe  maximum  vf 
heat  in  tituiiteiL  far  beyond  tht^  red.     The  dulax  light  contains  healiogi 
rayB  of  various  degrees  of  r^frangibility;  rock-salt  tnuasmita  tbeni  all, 
0veu  the  leaat  refrangible;  glass  and  vater  only  the  more  refraDgiblc:  for 
tUift  reason  the  maximum  of  heat,  when  prisms  of  glass  or  water  are  ased, 
is  found  within  the  coloured  spectrum.     (Melloni.)     Atcordtng  to  Powell, 
tho  heating  power  of  the  coloared  rays  depends  alao  upo^n  th©  colour  of 
the  bofly  to  he  heatol ;  according  to  hia  absarr&tioiis,  a  tbennonieter 
painted  with  Tennilion  is  more  strongly  heated  in  the  om-nge  rays  tlian 
in  the  rod.     Aeoording  to  the  same  philosopher,  the  heating  raya  of  the 
priflm  pass  like  the  solar  rays  through  glass  without  perceptible  h«9  of , 
heating  power. — There  exists  therefore  a  Hrat^epectntm  in  coiincctioiij 
with  the  coloured  sfioclrum.    AcconUng  to  Herschel,  the  coloared  epot'triii 
takes  up  only  about  f  of  the  space  occapied  by  the  heat-spectrum ;  and  ii 
oouM^ueuce  of  the  smaller  refrangibility  of  the  beat-ray»,  the  focus  ol 
be»t  IS  somewhat  farther  (accarding  to  Wollaston  about  -jJy)  from  the 
burning  glass  than  the  foctts  of  lighu 

T  Sir  John  Herschel  {PAH.  May,  J.  22,  505)   has  obtained   soma 
remarkable  rc!?ult3  by  exposing  thin  writing  paper,  blackened  on  ODe  eidfl 
by  holding  it  OTor  a  smoky  flame,  and  nftprwards  thoroughly  wetted  witl 
iJoohol  applied  to  the  unsmoked  side,  to  tbe  action  of  the  solar  f-poctruiiu 
The  iBfluence  of  the  calorific  rays  waa  shown  by  a  whitening  of  the  paper, 
marking  by  a  clear  and  sharp  outline  the  lateral  extent  of  these  rays,  audi 
))T  tlup  gnidatioiia  of  intensity  in  a  longitudinal  direction,  their  law  i>r 
scale  of  dixtril)Uti<iii,  both  within  and  without  the   luininous  spectrun 
The  tliprniic  Hpi'ctrmu  thus   impre.H.^cd  extended  from  about  tbe  middle  Oi 
tbo  violet  tu  u,  distance  considerably  beyoiid  tho  red;  inoreover,  it  was« 
found  to  consist  of  a  number  of  distinct  patcbea,  the  brightest  of  whioli 
were  hituuN'iI  in  and  jii»t  beyoud  the  visible  red  rays.     Three  other  epoti 
wubwcijueiitly  came  into  view  at  continually  greater  distances  from  tho 
liiiiiinous  MjHfctrum  and  successively  din>iui«hing  in  brightness.    This  want 
of  iviritiuuity  in  llie  tlienuio  spectrum  umy  arise  from  an  absorbent  ctfe 
in  ilic  atn\ii3phoro  of  the  sun,  or  of  the  earth,  or  of  both  ;  if  such  absorbeni 
action  lie  exerted  by  the  earth's  atraoephere,  It  will  follow  that  a  larg 
jmrlioii  of  the  solar  heat  never  reachea  the  earth's  surface  at  ail,  and  tl 
tho   heal   incident  on  the  Buinmits   of  lofty  nit-untains  dillcrs,  not  only 
in  ipmntity  but  also  in  qtialUtf,  from  that  which  tbe  plains  receive.     IT 

The  two  spectra  formed  by  a  prism  of  ilonblo  refraciting  spar  haTO-- 
JM«I  hcalltii;  pawers,     (Bcrard.)  ■ 

M>Hiiini;lit,  the  intcnsiity  of  which,  according  to  Boaguer,  is  lo  that  o^ 
•uuliKbi  as  I  :  from  '250000  to  30000,  produww,  when  concentrated  by  a 
Vif'iiiiM'  iinrror.  only  a  very  slight  degree  of  heat  barely  perceptible  by  %^ 
■  I  I  niii^uioter  {Uowfirtl,  ,'yillim.  Amcr.  J,  2,  327);  according  \a 

Jii  viiM  \i.  hag  lift  etFect  on  the  tliermometor;  and  Forbes  {Phil, 

•/  I  (diKcrvod  no  trace  of  heating,  when  he  caused  Tuoonlighl 

\xbi<^i......v'.  ..<U«tl  limes  by  u,g!»as  \^%%  to  fall  t>n  »  thernio^multiplier, 

B,  Deviloptneni  <iij  Litfhl  ty  Bmt. 
All  IkmIIm  when  heated  to  a  certain  f«rapomturo  become  !ncandesocn| 
liw  b««<»M  bot  when  banuneiedj  by  loug^eoatiaued  hammering 
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(Bsy  he  miule  red-liot. — AH  boJictt  bpcomo  red-hot  at  tho  eamG>  tempera- 
ture,— eic^pting  that  air  require*,  according  to  Wcdg^wood's  <?iperiinciit8, 
a  higber  tempt-ratiire  to  render  it  luminous.  Act:urding  U»  Newton,  iron 
becomes  dull  rod  in  the  dark  at  335"  C.  (ti35"  Pala.).  bright  red  at  400"  C. 
(752-  Fall.),  luminous  in  the  twilight  at  474' C.  (903*Fali.),  and  lumtnoua 
in  brig-ht  dajJJgbt  at  abaut  538"  C.  (1000'=  Fah.) 

Mmlfs  of  ejcplaininff  the/adt  Mated  in  A  and  B. 

1.  Ligbt  and  heat  are  the  same  sabstaace.  Light  arrested  in  its 
motion  by  tiie  adhesion  of  ponderable  bodlea  ehowa  itself  as  heat.  When 
too  much  heat  becomes  accumulateil  in  a  body,  part  of  it  escapes  again 
with  great  velocity  in  the  form  of  light:  the  body  becoraea  incaudeaceut. 

Against  this  Tory  simple  theury — to  which  Derthollet  also  (.ftaf.  CViiw- 
1,  ISl)  gives  the  preference — ^the  following  objections  may  he  urged  :  (tf). 
Mixmlight,  ever  so  much  concentrated  gives  no  heat.  (This  may  perhaps 
Iw  explained  by  ita  very  small  intensity.) — (6).  Tho  brightest,  most 
tuniioona  lays  of  the  coloured  spectrum^  the  yellow  and  green,  give  very 
Itttle  heat,  and  the  heating  [lower  Hkowiss  shone  itself  where  neither  light 
nor  colour  can  be  perceived, — Light  produces  chemical  alterations  of 
pi>ndenibie  bodies,  which  heat  aloae  ia  unable  to  effect.  ^Thia  may 
perhaps  be  explained  by  tho  more  rapid  motion  of  light.) — Phoflphn- 
rescouce  by  lrra<li(ition,  and  more  particularly  that  produced  by  heating, 
i»  dttlieuU  to  reconcile  with  this  hypotlieeia. 

2.  The  solar  rajs  consiet  of  rays  of  light  and  luya  of  heat  distmot 
Ifom  one  another i  the  former  are  more  refrangible  tbau  the  latter;  hcuco 
two  spectra  of  different  kintLt.  The  soJar  raya  give  heat  therefore  only 
in  I  iiaeqaence  of  the  heat  which  they  contain.  The  eolar  light  retloctoJ 
T'l  liitj  earth  from  tho  moon  has  left  its  heat-raya  on  tho  moon  and  tber©- 
iuT*  i-stnnot  give  heat,     {HerscheL) 

Objections:  (tt).  What  becomes  of  the  raya  of  light  which  bodies 
absorb  together  with  tho  rays  of  heat,  seeing  that  the  bodies  suflbr  no 
change  fnun  the  absorption,  oiceptiugcliange  of  tempeniture] — (i).  Wby 
cannot  a  body  become  very  hot  without  emitting  ligntl 

3.  All  pondemhlc  substances  contain  t'le  hypothetical  Frincipte  of 
Ftrr,  which,  when  united  with  the  light  .^bich  falls  on  them,  produces 
'tat.  (Oeluc.) 

2,  Relation  of  LigM  ta  Medrkity. 
Ligbt  often  appears  as  an  attendant  of  electrical  phenomena  r — tha 

•lectrical  spark,  lightning.  Is  it  an  element  of  eleotrieity,  or  ou  the 
other  hand  is  light  composed  of  the  two  electridties~— or  ta  it  merely 
separated  by  electricity  from  the  surrounding  medium  t 

3.  Hdation  of  Light  io  Magnetism. 
.if  the  violet  ray  of  the  spectrum  concentrated  by  a  lens  be  mada  to 
lil  Bniformly  for  about  half  an  hour  over  one  half  of  a  steel  needle, 

f Proceeding  from  tho  middle  towards  one  of  tho  oitromitios,  that  extremity 
wing  directed  to  the  north,  and  the  temporaturc  being  between  0°  and  27" 
C.  ilie  ue«d]e  will  become  perfectly  magnetic,  (Morichini,  tichw.  20,  1(1; 
furtbcr  in  Kmtn.  Ardi.  8,  105. — This  oiperiment  was  also  sncceasfully 
made  by  Ridolli  {SchuK  20,  10).  Mary  Somerville  {Anv.  PML  21,  224; 
abetr.  J^ogfi.  G,  4^3),  Miiller  (A'a»fn.  Archiv,  13,  3f»7},  Baumgartncr 
{Zeiltchr.'l'h.  Math.  1,  im),  Zstalydpschi  {/iittl.  univ.  -IT,  04;  also  t^chw. 
«•,  lOft;  m\m  />;?-  **>  ^^^h  aid  Barlocci  {BiM.  univ.  4i,  1 1;  also  SeAw. 
W,  99},     It  did  nt>t  isuccood  In  the  bands  of  CoufigHachi  (Gili/.  48,  335), 


Riee  St  Mosor  {Fo^^.  16,  5«3)  aod  d'Hombre*  Fimias  (JrtJi.  Chim.  Pktfs 
10,  285). — t  havo  myself  soeu  U  successfully  performoJ  by  Morichini. 

T  All  former  researelica  on  the  relation  between  light  and  m&gnHisia 
have  been  completely  thrown  into  tUeeb»de  by  the  important  discovery  o( 
Faraday  (Pkii.  Trans.  1846, 1, 1)— that  aray  of  polariicd  light,  when  mads 
to  past;  through  certain  transparent  substances  placed  near  a  magnetic  pole, 
in  8uch  a  ixianper  that  the  lines  of  magnttic  force*  shall  pass  through  it  in 
the  direction  of  the  ray, — is  rotated  in  a  particolar  direction,  depending^ 
upon  the  direction  of  the  ray  itself  and  that  of  the  line  of  magnetic  force, 
— I  shall  give,  nearly  in  Dr.  Faraday's  own  worde,  the  description  of  tb» 
experiment  which  first  revealwl  this  most  remarkable  phenomenon, 

A  ray  of  light  issuing  from  an  Argand  lamp  was  polariicd  in  a  hori- 
zontal plane  by  reflection  from  a  surface  of  glass,  and  the  polarized  ray 
pa^cd  through  a  Nicbol's  oyc-piece  revolving  on  a  horizontal  axis,  eo  aa 
to  be  easily  exanuned  by  the  latter.  Between  tlie  polarizing  mirror  and 
the  eyo-piooe,  two  powerful  eleclro-tnagnetic  poles  were  arranged,  being 
either  the  poles  of  a  horsc-ehoo  magnet,  or  the  contrary  poles  of  iw4 
cylinder  magnets;  they  were  eejiarated  from  each  other  about  two  inches 
in  the  direction  of  the  ray,  and  so  placed  that,  if  on  the  same  side  of  tha 
polarized  ray,  it  might  pase  near  them;  or  if  on  the  contrary  eides,  i| 
might  go  between  them,  its  direction  being  alrays  parallel  or  nearly  so 
to  the  magnetic  lines  of  force.  After  that,  any  transparent  eubstancQ 
placed  between  the  two  poles  would  have  piissing  through  it,  both  the 
polarized  ray  and  the  magnetic  lines  of  forc«,  at  the  same  time  and  in  tho 
same  direction. 

A  piece  of  heavi/  glass  conaisting  of  silico-borate  of  lead  (PftU.  Ttxint^ 
1830,  p-  1)  about  two  inches  square  and  half  an  inch  thick,  having  flat 
and  polished  edges,  was  placed  as  a  diama^nsticf  between  the  polce  (not 
aa  yet  magnetized  by  the  electric  current)  fio  that  the  polariicd  ray  might 
pass  through  its  length.  The  glass  acted  as  air,  water,  or  any  other 
indifferent  suhjjtancc  would  do ;  and  if  the  eye-piece  wbfc  previously 
turned  into  such  a  poaitiou  that  the  polarized  ray  was  extinguished,  oi 
rather  the  image  produced  by  it  rendered  iuvisible,  then  the  introductiot 
of  the  glasa  niaJe  no  alteration  in  this  respect.  In  this  state  of  circniU' 
stances,  the  force  of  the  electro-magnet  was  developed  by  sending  ai 
electric  current  through  its  coils,  and  immediately  tho  lamp-flame  becama 
visible,  and  continued  so  as  long  as  the  arrangement  continued  magnetio. 
On  stopping  the  electric  current,  and  eo  causing  the  magnetic  force  to 
cease,  the  light  instantly  disappeared.  These  phenomena  could  be  renewed 
at  pleasure  at  any  iustant  of  time,  and  upon  any  occasion,  showing 
perfect  dependence  of  cause  and  eft'ect. 

The  %'oltaic  current  was  that  of  five  pair  of  Grove's  construction,  and 
the  electfo-magncte   were  of  such  power  that  the  poles  would  singl 
fiostain  a  weight  of  from  28  to  56lbs  or  more. 

By  varioue  experiments  made  in  this  manner,  it  wa^  found  that  th4 
character  of  the  force  thus  impressed  upon  the  diamagnetic  is  that  o 
rotatit>n,  and  that  it  acts  according  to  the  following  law  : 

"  If  a  magnetic  lino  of  force  be  ffoiitrj  ftwn  a  north  pole  or  eominfffrom 

*  Tlw  term  Line  qf  magntHt  Jbrce  or  Megnetic  tint  of/oree,  or  Mapntde  euree, 
denotes  that  crercise  of  magnetic  force  which  is  exerted  in  th(s  Unet  usuallj  callrd  mo;. 
wefiV  ruFPffi  »ad  which  equnll;  cYiit  si  passing  from  or  to  magnetic  polet  or  formiitg 
CUticFlitriR  cirtlr*  iMUncI  an  ctectrit  current. 

t  A  diamaffutic  it  a  body  throuitli  which  tioM  of  iiiH(:netic  force  are  pa^mnf,  wii^ 
which  dots  not  by  tlidr  acliou  see u ate  tliO  usual  uiagnuttc  condition  of  iron  or  loadittoney 
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ith  pole  along  ttie  path  of  »  polarizeil  ray  coming  to  tlic  observer,  it 
will  roUite  that  ray  to  the  riglit-liaud;  or  if  such  a  Hue  of  force  he  coming 
Irom  tt  uorth  pole  or  aoias  (ironi  a.  south  pitle,  it  will  rutatc  such  a  rav  to 
Ihe  Ufi  handr 

It  wa&  likewise  found  that  the  degree  of  rotatiou  is  proportional  to  the 
extent  of  the  dianiagnetic  through  which  the  ray  and  the  lines  of  moffnetio 
force  paea.  The  power  of  rotating  the  ray  of  light  increasea  with  tho 
iblrafity  of  the  magnetic  lines  of  force. 

Other  bodies  besides  the  heav^f  ^laa  possess  the  power  of  actiue  on 
light  auder  the  influence  of  the  magnetic  force.  Wheu  those  bodiea  have 
1  rotative  power  of  thoir  owa-^as  is  tho  cose  witU  oil  of  turpentine, 
f^pr,  Ifcc. — the  effect  of  the  iiiaguetic  force  ia  to  add  to  or  subtract  from 
tlteir  specific  force,  according  ua  the  natural  rotation  and  that  induced  by 
toe  nmgnetic  force  are  in  the  same  or  in  opposite  direction!!. 

Tho  ailico-borato  of  lead  was  found  to  bo  the  best  substance  for  exhi- 
Iwliiifftlie  phenomena.  Fused  borate  of  lead  is  nearly  as  good:  flint-glasa 
obibite  the  rotatioDj  hut  in  a  tfHis  degree,  and  crown-glass  etill  less, 
CijTElaUized  iKxlies  exhibit  little  or  no  inHnence  on  tlio  niy  when  under 
BiMtctic  inSueucc.  AH  liquid.^  which  have  been  submitted  to  experiment 
pMDoe  the  rotation :  air  an<l  the  other  gaacoua  bodies  do  not.  The  fol- 
'vwmc  table  gives  an  approximate  estimato  of  the  relativo  amount  of  tho 
iiiiluced  rotating  force  in  a  few  substauccs,  as  compared  with  the  natural 
Mating  force  of  a  specimen  of  oil  of  turpcotiue.     (Water  =  1.) 

Oil  of  turpentine. U'S 

Hhtj  glau  ...■■•>■■••>.•■.■.      C'O 

Flint-gbM i-S 

Roclc-nlt 2-2 

Water.. 1*0 

Alcohol , less  tban  voter 

Ether    ,,,.. ...,..,..,.,....  less  than  alcohol. 

Tho  rotating  force  is  aleu  induced  by  ordinary  mitgncts  in  the  eamo 

"iiinner  as  by  electro-magneta,  but  iu  a  less  degree,  einiply  because  the 

Dapnctic  force  exerted  by  the  former  is  less  than  that  exerted  by  the  latter. 

fly  placing  varioita  transparetit  bodies  within  long  heliceH  of  wire 

IfiHgli  which  powerful  electric  currents  were  pa-ssing— it  was  found  that 

■^H'beu  an  electric  current  passes  round  a  ray  of  polarirad  light  in  a 

"direction  perpendicular  to  tjie  ray,  it  causes  the  ray  to  revolve  on  ita 

"axis,  as  long  a&  it  is  under  tho  influence  of  the  current,  in  the  game 

"  direction  aa  that  in  which  the  current  ia   pasi^ing."     It  will  bo  easily 

♦♦en  thfti  this  law  is  identical  with  that  proviouslj'  stated  reflpectiug  the 

Mtating  power  induced  by  the  mugnet. 

In  all  cases  it  id  fouud  that  the  interpositiun  of  copper,  lead,  silver, 
■oJ  otlior  ordinary  non-magtictic  bodies?  in  the  course  of  the  magnetio 
vax^  either  between  the  poles  and  the  diuniagnctio,  or  in  other  posi- 
tions,  produces  no  ofibct  on  tho  phenomena,  either  in  kind  ur  in  degree. 
Itoa  afl'ects  tho  roaults  in  a  remarkable  degree;  hut  it  always  appears  to 
•cl  either  by  altering  the  direction  of  the  magnetic  lines  or  by  disposing 
of  their  force  within  itself. 

No  rotating  power  is  induced  by  lines  of  eUdro-ttatic  lension. 
The  results  here  described,  tinportiint  as  they  are  in  themselvefl, 
become  still  more  so  when  viewed  in  connection  w!th  the  magnetic  con- 
■iitiou  of  all  matter^  as  developed  in  the  2Uth  and  21st  series  of  Faraday's 
Experimental  Retfarcltei.  A  brief  abstract  of  these  researches  will  bo 
found  at  the  end  of  Chap.  Ill, 
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IL     KELATlU:!tB    UV    LlQUT    TOWAUDS   POKDERASLK    BoDIM. 


I.  Chau^ti  produced  in,  Ptrndeiiihte  BodUs  hy  the  Action  of  Light. 

Chemical  ffects  of  Light. 

A .  Com>jinaiwns  product  by  the  agency  of  Light. 

a,  Cblorine  ga^  does  not  oombitie  with  bydro^n  tv  form  bjdroclilurio 
acid  gtu)  at  ordinarY  leniperaturea  and  ia  tuc  dark,  but  only  under  tbo 
iiiflut>nco  of  light  (Gaj-Lussac  &  Thenard);  according  to  Seebecfc,  the 
coiiiliiuatiou  takes  pltifv  under  whjtu   ur  blue,  but  out  under  red  gl*n> 
Neither  dues  sunlight  transmitted  tlirougli  bichrom&te  of  potash  efi'eot  ibo 
conibinatioQ.  (Draper:  v'lt].  Formation  of  Ui/ifrocMortc  Acid.) — b.  Chloriatl 
gta  CDUibJDea  with  carbonic  oxitle  gw  only  under  the  inflitenco  of  light* [ 
(J,  Davy.) — e.  Iodine  and  ulefiaot  gas  combine  only  id  sunshine.    (Fanf*) 
day.) — d.   Many  kinda   of  plate-glaes^  'which   have   only  a   fatut  Tiolet 
tint,  bocomo  purple  after  expotiire  to  light  for  ayeur,  while  thetemeglait , 
kept  in  the  dark  retiuus  its  original  pale  tiat.     (Faraday,  Qti,  J,  ^ Sd.  \ 
15,  164;  also  Po'jff-  24,  387.)     This  may  tirise  from  a  higher  oxidAtion  ofl 
tho  manganese  contained  in  the  gl&se. — e.  Hyacinths  oxpused  to  light  loM 
their  reddish  tint  aud  become  browner.     (G.  F.  Richter,  Poyg.  24,  380,) 
This  case  belongs  perhaps  to  the  bead  of  dccoropoBitions. 

B.  Combi nations  accompanied  by  Decompositions. 

a.  Phosphorus  kept  in  various  gafiea  or  in  water,  is  changed  in  thai 
eunisbine  under  colourless  or  blue  glass  (not  however,  or  but  Tery  slowly, 
under  red)  into  red  oiidc  of  phtisphorua.  (Bockmann,  A-  Vog*l.) 
Hence  li^ht  brin^  about  the  combinEtion  of  the  pho^rphorus  with  the 
oxygen  of  the  air  or  of  the  water.— 6.  Chlorine  Kimbines  at  ordinarj 
teniporatures  with  the  hydrogen  of  water  and  liberates  oxygen  gu,  but 
only  un<ler  the  influence  of  light.' — Aij^ueous  solution  of  chloride  of  pla- 
tiTiiim  uii.ved  with  IJme  water  givos  a  precipitate  in  colourless  or  rioI«t, 
but  not  in  red  or  yelliiw  light.  (Herschel.) — d.  Chlorine  decomposes 
light  cari>urptiod  hydrogen  ga«  when  moist,  forming  hydrochloric  aoiaand 
earlKinic  acid,  but  only  when  exposed  to  light.  (W.  Henry.) — e.  Chlorinfl 
converta  the  oil  of  olcfiant  gas  at  nndcr  temperatures  into  chloride  of  J 
tjarlion  and  hydrochlorio  acid,  but  only  unrlet  the  inilaence  of  light.' 
(Faraday.)— ;/;  The  oil  of  olefiant  gae  covered  with  water  and  placed  in  th« 
Bunshine  ia  resolved  into  hydrochloric  acid  and  acetic  ether,  (Mitschrr- 
lich.)— Chlorine  converts  auhydrous  hydrocyanic  acid  under  the  inHuenca 
of  the  sun's  rays  into  hydrochloric  acid  and  solid  chloride  of  cyaaogeD;  it 
al«u  decomposes  moist  cyanide  of  mercury  id  difl'erent  ways  accordingly  w 
light  is  concerned  in  the  action  or  not.  (Serullas.)^ — A.  The  brown  i»ln. 
tioti  of  iodine  in  absolute  alcohol  saturateil  with  sulphnrouB  acid  gM 
depoBiLa  crystalline  zsulpliur  when  exposed  to  sunshine.  {Bobereiuer, 
Fiiftimat,  Ckem.  5,  72.) 

t.  Many  metallic  oxides  combined  with  acids  and  dissolted  in  alcohol ' 
or  ether  give  up  oxygen,   only  under  the  influence  of  light,  to   theM 
organic  licioidtt,  and  are  thiiB  either  brought  to  a  lower  degree  of  oxidation 
or  reduced  to  the  nietaltio  state.     Yellow  hydruohlorato  of  proxide  ofi 
nrwium  diesolved  in  ether  la  converted  by  light  into  precipitated  dark 
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hjrdrochlor&te  of  protoxide  ef  uruniuin.  (Gehlon.) — Hydroohlorats  of 
peroxide  of  iron  di^solvoid  in  other  is  resolved  umler  white  and  blue,  not 
ler  red  glats,  into  bydrocbloiate  of  pratoxide  of  iron,  (A.  Voe^el.)— 
~  nilph-ltjdrocTanatQ  of  peroxide  of  iron  is  coarerted  into  colourlofls 
i-b ydrocyaoato  of  proto:i[ide  of  iron  (in  the  focua  of  a  oonoavo  njirrop 
u  a  fww  inioutM, — more  quickly  by  tho  bluisb  green  ray  of  tHa  spectrum 
fhui  by  any  oiber — nnd  evon  by  the  light  of  an  Argand  lamp  placed  at 
tlte  ilmiuiee  of  an  inch.  (Grottbusa.) — Hydrochlorate  of  protoxide  of 
Nyppdr  dlMolTed  in  alcohol  or  ether  is  reduced  to  diohlorido  of  capper,^ 
(Geklcn,  Neumann,  Svhw.  13,  35S.) — HydrocUlorate  of  protoxide  of 
•arcurj  (corrusire  aubUmate)  is  converted  under  white  or  blue,  but  not 

'     red  glass,  into  calomel,     fA.  Voge].)^Hydrochlorato  of  oxido  of 

fgUA  diasolved  in  ether  or  alcohol  is  discoloured  on  expoauK  to  light,  nnd 
iccording  to  Grottbusa,  moat  quickly  in  the  blue  ray,  metallic  ffold  being 
wpantml; — also  bydrocbtomte  of  oxide  of  platinum  dissolved  in  etlicr 
wpoftta  a  small  quantity  of  platinum  when  exposed  to  light,  and  is  at  the 
fame  tinjo  oonoidorahly  decolorized.  (Gehlcn.) — k.  The  rod  aqueoua 
ttlotiou  of  oxalate  of  aesqui-oxide  of  mitngaacsQ  loses  its  colour  when 
npoited  to  Hunshino  (slowly  in  blue  aod  violet  light)  and  ia  oouvul'ted  into 
wmiDio  acid  and  oxalate  of  protoxide  of  manganeae,  (Dubortincr.) — 
Aqueona  oxalate  of  peroxldo  of  iron  is  resolved,  when  exposed  to  the 
dljTcl  rays  of  the  sun,  into  carbonic  acid  and  oxalate  of  protoxiile  of  iron. 
Tie  change  ako  takes  plaeo  in  viidet  and  blue,  but  not  in  yellow  or  red 
%ht,  neither  is  it  proilucod  by  Iwiling^.  (Dobereiner.) — Oxalic  acid 
adiled  to  aqueous  solutions  of  hydrochlorate  of  oxide  of  ly^hl,  hydro- 
ctilonite  of  oxide  of  plrLtimim,  and  ammonio-chloride  of  iridium,  precipl- 
t»te«i  the  metal  and  genenites  carbonic  acid.  In  the  case  of  iridiunij  tho 
tftioQ  cannot  bo  replaced  by  that  of  a  boiling  heat.  (Doborerner,  Sckw. 
62,  00.) — An  aqueous  solution  of  tartrate  of  peroxide  of  iron  and  potaah, 
wntainlng' copjicr.  depueita  metallic  copper  on  tho  aide  expose*!  to  light, 
(Ehruuinu,  Rtprrl.  40,  112.) — L  Many  other  organic  aubstanees  alao  take 
ttiygen  from  metallic  oxides  diesolvetl  in  aeid."!,  only  when  their  action  \a 
aiii.«t('d  by  light.  Thus,  charcoal  and  oils  precipitate  the  pure  metals 
frum  gold  and  silver  solutions  only  when  exposed  to  light  or  at  a  boiling 
k»t.  (Rumford.)  Linen  marked  with  nitrate  of  oxide  of  silver  btuckene 
oaJy  wlieri  exposed  to  light.  Paper  moistened  with  solution  of  gold 
WMeiu  in  preBenco  of  light, — and  Hkeivige  in  the  dark,  when  it  boa  been 
apooed  to  light  till  the  reddening  has  commenced.     (Sccbeck.) 

m.  Light  favours  the  combination  of  the  oxygen  of  the  atmosphero 
with  the  carbon  and  hydrogen  of  organic  subfltancea,  by  which  they  are 
more  or  luss  decompoaed  and  altered.  In  thia  manner  may  be  explained 
tho  docolori ration  and  rotting  of  fabrics  coloured  with  eafflower,  logwood, 
Bnuil  woofl,  turmeric,  and  woad  when  exposed  to  thoaan — an  effect  which, 
locording  to  Oay-Lnaaac  &  Tb^nard,  \h  likewiae  produced  in  the  dark 
by  Iwwting  them'  to  lfiO\,.2IHr  C.  with  aeeesa  of  air  [Chevreura  inves- 
'■Tktions  on  the  behaviour  of  tissues  or  fubrica  dyed  with  various  colouring 
*ter*  and  placed  iti  different  media r  vid.  Ann,  Chim,  Phps.  65,  71 1; 
'  f. ration  of  the  petals  of  Pitpav^t  Rheas,  which  acconling  to  A. 
V.  pluctimuro  quickly  through  blue  than  through  wliite  glass; — 

lite  '.iin.-iiitit;  of  tho  blue  ftowe'ra  uf  Ckhor-ium  gi/hettre,  which  takes  place 
Bi'^re  rapidly  in  fiuo  than  in  dull  weather  (Fajot  Deaoharmesj  J,  J^fiift.  D5, 
iI2;;— thcdecolonition  of  the  green  tincture  obtained  by  digesting  tho 
jfr*e«  l^avcJt  of  plants  in  alcohol  (this  tincture,  accorrling  to  Qrotihnsx 
rcUuiu  il«  colour  longest  in  the  bke-^een  ray  of  the  sijwtrinij); — tho 


ilocoJoratinn  of  the  yellow  oils  of  linseed,  savin,  and  peppermint,  and  lk«  I 
yellow  colouring  of  Wiicoil  of  cam otn lie  and  colo(irle6«J  oil  of  turpentine. — 
III  a  similar  manner  may  also  bo  explained  the  green  colouring  of  yellow 
gujiicum — either  pulverised  or  spread  upon  p&per  by  means  of  an  alcoholic 
eoliition — when  exposed  either  to  colourless  or  violet  light  in  a  gta« 
containiiijT  air  or  oxygen  gas,  or  when  strongly  heated,  whereas  ooncetKi 
tmted  red  light  restoreB  the  yellow  colour.  (WoUajston,  Gilb.  39,  291.) 
[See  also  Hersohel,  Phil.  Ma<j.  J.  22,  5.1  ] 

ft.  The   blue   eoltition   of  ifwlide   of  starch  in   water  is  completely  i 
do<.'oluriie<l,  with  development  of  hydriodic  add,  by  colourless   light  and  I 
by  the  yellow  and  green  ray  of  the  ppectruiii  (in  the  focus  of  a  concavo^ 
mirror  the  effect  takes  place  in  a  few  mliiutes), — slightly  by  the  red  and 
blue,  and  not  at  all  by  the  violet,  the  last  on  the  contrary  counteraeting 
the  decolorizing  action  of  daylight.     (Grotthusa.) 

o.  The   green  parts  of  livnng  plants,  under  the  influence   of  light 
decotnpoee  cairbonio  acid,  liberating  oxygon  gag  from  it  and  retaining  th»i 
carbon,  which  enters  into  organic  combiitatious.     In  this  case  also  thai 
violet  appears  to  bo  the  moat  active  of  the  coloured  rays,  whilet  undw , 
yellow  glass  planta  become  jmler.     (Senebier,  Tessier.)     Moonlight  and 
candle-light  appear  also,  according  to  Tessier  and  Va«iUi,  to  have  eome 
eilect. 


C  DeeompositioHS  produced  bj/  LigM. 

a.  Salt«  eontivlning  water  of  crystallizattun  loae  it  when  exposed  to 
the  sun,  and  much  more  quickly  behind  blue  than   behind  red  glass. 

(A.  VogeL) 

b.  Concentrated  nitric  acid  ia  decomposed  by  exposure  to  light  (at 
also  by  a  red  heat)  iuto  oxygen  gas  and  hyponitric  acid,  N  0'  (Scheelo); 
and  according  to  Soebeclv,  this  effect  is  produced  behind  white  and  blue, 
but  not  behind  orange-coloured  glass. 

c.  Many  metallic  oxides,  when  exposed  to  light,  give  up  the  whole  or  a 
part  of  their  oxygen,  and  are  resolved  into  pure  metal  and  a  higher 
oxide.  Thus,  brown  peroxide  of  lead  is  reaolvcd  into  oiygen  gas  and 
ted  load  (the  Itttter  becomes  of  ii  darker  colour  by  the  long  continued 
action  of  light:  the  cause  of  thiB  phenonicaoii  remains  to  be  discovered); — 
grey  oxide  of  mercury  is  resolved  into  metallic  mercury  and  red  oxide;— 
the  red  oxide,  under  water,  is  decomposed,  according  to  Seolwck,  iuto 
mercury,  grey  oxide,  and  oxygen  gas,  provided  that  the  light  comes  to  it 
through  colourless  or  blue  glass,  not  through  red;— (dry  red  oxide  of 
mei'cury  loses  in  four  months  under  colonrle&B  glass  0  9,  under  violet  0';>, 
under  green  02  and  under  red  01  per  cent,  of  oxygen  acquiring  at  tbo 
etme  time  a  grey  colour,  which  is  strongest  under  colourless,  and  scarcely 
observable  uudtT  red  gla-ss.  Dnlk.) — Oxide  of  silver  is  resolved  into 
silver  und  oxygen  gas; — carboniLto  of  silver  into  silver,  oxygen  and 
curbonic  acid  gas; — (pyrophosiduite  of  silver  blackens  on  exposure  to  the 
light); — oxide  of  gold  into  gold  and  oxygon  gas.  (.Scheelo.) — Manganic 
aciil  dissolved  in  water  and  exposed  to  sunshine  slowly  deposits  peroxide 
of  raim^nese,  while  oxygen  gas  is  act  free.     (Froitiherz.) 

«/.  Pruto-chloride  of  me  rcuiy  dissolved  in  water  is  resolved  in  sunshine 
into  dichlorido  of  mercnrv,  hydrochloric  acid,  and  oxygen  gas.  (BouUay.) 
— Torchloridc  of  gold  dissolved  iu  water  deposits  flakes  of  gold  wlien 
exposed  to  the  sun.     (Schecle.) 

t.  White  chloride  of  silver,  as  obtained  by  preeipitatiug  nitrate  of 
silver  with  hydrochloric  acid  or  a  soluble  chloride,  cfian^'cs  when  exposed 
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e  direct  rays  of  the  ean  or  to  oriliuary  dayllglit,  first  to  riolet  anJ 

to  blaclf,  giving  up  at  the  samo  time  a  portion  of  its  cWorlne. — 

__T«i)Dg  to  Vadiilli,  tliis  change  of  colour  takes  place  in  moonlight  con- 

itnkt«<l  by  u  powerful  lens, — but  according  to  Gay-Lussac  it  does  not. 

Inn.  Chim.  Fbr/it.  l!i.  215.) — The  chloride  of  silver  becomes  colourMl  in 

lif^ht  ttiUused  by  a  cylinder  of  Ume  on  which  tbo  flame  of  a  «pirit- 

ip  fed  by  a  stream  of  oiygea  gas  is  directed.     (Drumniund,  Ed,  J.  of 

9,  319;  Payy.  9,  172;  vAm  Schw.  48,  404.)— It  likewise  blaekena  in 

■  light  of  the  twyer  of  a  C£t9t  iron  furnace  fed  with  coke.     (Malief, 

PW.  Mfiij.  J.  14,  475,) — It  doea  uot  become  coloured  in  the  very  brifrht 

iKgbl  proJnced  by  the  combustion  of  olefiant  gas.     (Brande,  Ann.  Chim, 

Hi/i.  Irt,  205.) 

Chloride  of  eilver  precipitated  in  a  finely  divided  state  upon  paper  ia 
peculiarly  sensitive  to  the  action  of  lipht. 
^iagwrret  Chloride  of  Siiver  Paper. — Thin  or  unsized  paper  is 
bt^,  cither  by  imnieraion  or  by  means  of  a  painting  brush,  with 
chloric  ether  which  has  becouio  somewhat  acid  by  long  standing;  it 
1  dried  at  the  ordinary  temperature  of  the  air  or  a  little  above  it, 
Jjpped  in  a  solution  of  nitrate  of  i<ilver — or  else  tbo  solution  is  merety 
mtied  to  the  surface — iind  dried  in  the  dark  at  a  very  gentle  heat 
(nMaose  while  yet  damp,  it  is  not  blackened  by  the  calorific  rays  of  non- 
hminous  bodici)  and  kept  closely  pressed  in  aportfoliii  to  preserve  it  from 


> 


li^t  and  air.     Thia  paper  when   exposed  to  day-light  blackens  very 

y  is  diminished  by  age.     Accordii  _ 

jBfer  used  and  the   liijuid — whctber  hydrochloric  ether  or  some  other 


quickly:  ite  sensibility  is  diminished  by  age.     According  to  the  kind  of 


liijuiJ  containinfT  chlorine — with  which  it  baa  been  wetted,  the  colours 
produced  by  the  tight  exhibit  diflferent  tones.  Thia  paper  blackens 
diitrly  and  faintly  in  the  liglit  of  a  LocatoUi's  lamp  with  two  wicks ;  still 
Ewre  iaiotty  from  the  rays  of  iron  heated  below  redness,  provided  these 
iSTB  iiave  not  pass-ed  through  a  glass-plate ;  not  by  the  rays  from  a  vessel 
(illcii  with  boiling  water,  nor  by  repeated  electric  discharges.     (Biot.) 

Tatbot'a  CMorkln  of  Silver  Paper. — Good  writing  paper  ia  steeped  in 
••iluiion  of  common  salt,  wiped  dry  in  order  to  spread  the  aalt  uniformly 
"vpr  it,  washed  on  one  side  with  solution  of  nitrate  of  ailver,  and  dried  by 
'lif  fire,  The  paper  loses  itJs  seusibility  in  a  few  weeks,  but  regains  it  on 
l<«ing  ngsiin  washed  with  nitrate  of  silver,  and  in  a  still  higher  degree  by 
!«ing  alternately  di[iped  in  aolutiou  of  cnmnion  salt,  moistened  with 
nilratu  <>f  silver,  and  dried.  When  a  light-picture  has  been  produced  on 
ikis  (laptT,  it  ia  immediately  washed  with  solution  of  common  salt  or  iodide 
of  poULbdiuin,  to  prevent  the  rest  of  the  pa[icr  from  blackening. 

Paper  dipped  in  solution  of  chloride  of  barium  and  afterwarda  in 
Qttnte  of  silver  is  very  aueceptihle,  and  becomes  coloured  la  live  minutes 
in  t  strong  gas-light  flame.     fHunt.) 

If  the  light  from  a  clouded  sky  Ije  allowed  to  fall  on  Daguerre'a  paper, 
wthcr  directly  or  through  platcy  of  difi'eient  colourlesa  bodica,  it  is  found 
that  the  blackening  is  least  diminiahcd  when  tlio  plato  consists  of  gypsum 
(Fmueoeis);  then  follows  rock-crystal,  then  white,  then  colourleas  glass, 
and  bistly,  animal  gelatine,     {(Jiax-papier.) 

When  sunlight' falls  on  chloride  of  silver  ttapcr  after  passing  through 
w  cislcme  containing  various  coluurleaa  liqui^b,  tbe  blackening  ie 
llerated  if  the  cistern  contalna  water  instead  of  air,  but  with  other 
it  is  either  retarded  or  unaltered.  If  the  retarding  influence  of  air 
ttMiimod  =  1,  that  of  water  =  0-7045;  of  hydrochloric  acid  of  ep.  gr. 
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1*1 907,  it  ifl  equal  t*  I'JSi-l;  of  nitric  acid  of  1*355  sp.  gr.  it  is  l-48l'2; 

of  Bulplmrct  (it  carbon  1  49B4;  of  oil  of  wpailm  r704i;  of  oil  of  tur- 
pontine  1-7044;  of  hyilrubeBioyl  20034;  of  oil  of  lomona  2-82,=J8;  of  oH 
of  ro«eTua.ry  3'0172;  of  oil   of  lavender  3'1-I05j  und  of  creosote  a"9697<j 
No  action  is  ex0rted  by  glatial  acetic  acid,  wood-spirit,  acolato  of  methj 
beuioale  of  methyl,  absolute  alcoho],  ether,  oxalip  otlior,  AWili 
acetone,  oil  of  uidliant  gas,  or  cLIurido  of  htsnioy],     (Mulognti.) 

Of  all  eubstanoee  hitherto  cianiiaod,  the  following  giYe  the  (reoti 
passage  to  the  cliemical  rays:  Air  and  other  ooloiti-l^as  gtL94&,  ai^neottt 
vapour,  water,  aloobol,  and  ether. — Then  follow;  (2).  Oil  of  vitrol,  nitric 
tfccid,  nitre,  carbonato  of  aoda,  duublc  rofraottu^  epar,  Engllab  plate-glaas, 
ti'jucoiis  bydrocyanic  nciJ,  tiud  civiupbur. — ^3).  The  vnpnurs  of  iodine  and 
hjfionitric  acid — alum,  rtid  lluor-spar,  ero^ii-glasa,  flint-glass,  French  and 
Gcraaati  plalo-glasa,  mica,  and  gnni-ambic- — (4).  Other  kinds  of  plat«^ 
flint,  and  crown-glass,  groen  fluor-apar,  creosote,  oils  of  anise,  caraway^ 
pe|ipermint,  lavender,  rosemary,  jsavino,  and  violot,  Canada  balsam  a 
amlier. — (5).  Least  pervious  to  the  cboiniua!  rays  are  greun  boltle-gli 
cldorine  gas,  oxide  of  chlorine  ga»,  vapour  of  bromine,  liquid  bromine,  and 
glass  ftliglitly  Biuoked.     (Hunt.) 

Of  all  tlio  raya  of  the  epoctrum  the  violet  haa  the  fn'oatest  hlackeobg 
power.     (Scheele,    Von  der  Litfl   und  dim  Feu<fr,  72.)     When   paper 
covered  with  oblorldo  of  silver  is  exposed  to  tho  luminous  apectriini,  it 
Iweoines  roddieh  brown  beyond  and  in  the  violet  rajs,   blue  or  blaiab 
grey  in  tho  blue,  vt-ry  alijjhtly  yellow  or  not  at  all  coloured  in  tbo  yellow, 
reddish    in  the  red,  faintly  reddish  beyond   the   rod; — moreover,   with^ 
tlint-glasa  prieuis.  which  giv«  the  uiaxiniutn  of  lieating  power  beyond  tbaM 
rod  ray,  the  reddening  of  the  chloride  of  silver  aldo  takes  place  beyond^ 
the  red.     (Seebeck.)     Cblorido  of  silver  which  has  become  grey  ftoni 
exposure  to  daylight,  turns  paler  and  reddlxh  after  a  time  iu  the  red  nr; 
iu  tho  red  produced  by  tho  no  ion  of  the  violet  of  one  s[jectruni  with  tue 
red  of  atiotlier,  the  chloride  of  silver  becomes  of  a  beaatiful  crimson  red. 
(Seebeok.) — The  part  of  the  spectrum  from  tho  red  to  the  green,  conoen' 
trated  by  a  lens,  givea  a  daxsliiig  foeua  which  does  not  blacken  ohlorida  uf 
silver  even  in  two  houra.     (UL-ratd.) 

The  spectrum  likowisa  exhibits  chemical  ofTeota  bpyond  the  violet  ray, 
as  was  disoovered  by  Ritler  and  eatablisbcd  by  Wollaston.  Aooording  id 
Berard,  the  extreme  edge  of  the  violet  shows  tho  stronge-st  chemioaJ 
action.  The  following  exporiuieuts  Imwevor  show  that  the  point  of 
greatoBt  action  varies  with  tbe  nature  of  tho  prism. 

When  the  rays  of  t.ho  sun  ars  made  to  fall  by  mean^  of  a  belioctat 
through  prisma  of  different  kinds,  on  paper  which  has  been  moistened 
with  gum-water  and  then  sprinkled  with  powderod  chloride  of  eilvor,  lbs 
blackening  takes  place  with  different  degrees  of  quickness  and  exteadaj 
over  different  spaces,  according  to  tbe  nature  of  the  prism :  the  maximutn  ' 
ellect  is  also  produced  at  different  parts  of  the  spectrum. 

Bb.  denotes  bright  blue,  Bl.  blue,  V.  violet,  E.  edge  of  the  vtolet,  D. 
dark  space  beyond  the  violet,  Bd.  border. 

A.  Material  of  the  prism. — B.  Time  at  which  the  blackening  b^lnc, 
— C-  Intensity  of  blackening, — D.  E.vtciit  in  lines  of  the  blackening.— J 
E.  Bound ariea  of  the  blackening. — F.  Point  of  greatest  blackening. 
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From  tbiB  it  appears  that  tlie  position  of  the  muxitntim  of  bliickening 
JepTidg  neither  on  the  dwnsfty  of  the  refracting  medium  nor  on  ita 
refmrtivp  or  diapcrsiro  power.     (Hesaler.) 

Chloride  of  silver  Mackons  under  violet,  blue,  and  blnish  green 
(fluttm;  under  yellowisli  green  and  yellow  glaasea  it  remains  almost 
imcfuingod,  under  orange-colourod  glas."!  it  acquires  onlj  a  faint  red  tint 
klVr  a  considerabte  time:  vtloride  of  silver  blackened  by  llglit  900a 
l*t»>me«  lighter  aod  of  a  dirty  yollow  or  red  colour  when  placed  under 
crang-c  coloured  glasa.     (Seebepk.) 

Chloride  of  fii Ivor  pappr  doea  not  become  coloured  in  sunlight  wbicli 

bu  pMee*!  through  the  following  yellow  liquidi),  even  when  it  ia  concen- 

timted   by  &  lens:    eolation   of  nentml  ehromato  of  potash,    of  qointo- 

nlphur«t  of  ammooinm,  of  quinto-sulphurot  of  calcium,  of  seaqui-chloride 

,  tit  iron,   of  terchlorido  of  ij(j]d,  or  bichloride  of  platinnm,  also  yellow 

i>table  infusions.     Under  a  solution  of  bichromate  of  potash  it  becomes 

>  Jays  of  a  pale  yellow  ^ecn;  under  a  tolntion  of  rc<l  fcrrocyanide  of 

ium  it  becomes  of  a  tile-red,  and  under  aminoniurct  of  copper  of  a 

tjjih  Itrriwn  tint.     (Draper,  Pkil.  Muff.  J.  16,  81.) 

Lccordibg  to  the  nature  of  the  chloride  iwed  to  saturate  the  paper, 

'vU«li    U  iJWwards  dipped   in  silver   solution,   the   chloride  of  silver 

MK^airat  various  colours  under  different  eoloared  glasses ; 
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Faper  prepared  with  chloride  of  barium  is  coloured  yellow  by  li^ht 
•m\.\A.  .-i^nr-s  tliroogb  chlorine  gas,  and  red  by  that  which  jmsses  tnpjugh 
f  hvpooitnc  acid.     Light  passing  through  bromino  vapour  do«8 
t  ii-'fiaf  paper  prepar«d  with  ealammoDiac.     (Hunt.) 
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l^"  nlloweJ  to  remain  on  it  for  half  a  miuute,  it  muat  bo  drietl  Iij2;htlj 

'  !<jltii»^   [lajrier.      This  operation    rei^uites  the  total    cxcluaion   of 

1.    The  japer  prcparefl  in  tliis  manner  is  exquisitely  ecneitlFe, 

fiijwi'ure  of  leiHs  than  u,  second  to  diifuBed  daylight  being  tjujte  sufficient 

Joproince  a  decltled  eft'ect  ujinni  it. 

Tli«  ralotypf  paper  may  be  used  for  taking  portraits  from  the  life  by 

111* of  the  raniora  olw<nra.     It  is  the  only  paper  yet  disfcovered  sura- 

ntly  sensitive  for  this  purpose.     When  properly  prepared,  it  yields 

flares  of  exquij^itc  heatity  and  fidelity.     It  likewitse  eervea  for  takiag 

J*prejseii(!alions  of  hutldings,  scenery,  &c.    The  picture,  ae  first  produced, 

•"geaemHy  hitent  and  invisible,  but  may  be  brought  out  immediately  by 

*Swn  Washing  the  paper  with  a  mixture  of  1  part  of  the  silver  eolation 

*idi  3  parta  of  the  saturated  eolution  of  gallic  aeid.     In  cold  weather, 

"><' rli'rclopment  of  the  picture  may  be  accelenited  by  holding  it  over  a 

"»«iii  of  hot  water. — The  picture  being  thus  obtained,  it  ia  to  be  &xed 

ywaKhlng  in  clean  water,  lightly  drying  between  blotting  paper,  and 

'acn  waishing  it  over  with  a  solution  of  bromide  of  potassium,  containing 

.'(Hi  gr.  of  thati  salt  in  8  or  10  ounces  of  water:  after  a  minute  or  two,  it 

l^  to  be  again  well  washed  with  water  and  then  finally  dried.     Whert 

"•iDniiJe  of  potaB8]tira  is  not  at  hand,  a  strong  (solution   of  common  salt 

*ti«y  he  used  in  its  wtead. 

The  ealotypc  picture  is  a  negative  one, — but  poeitivc  copies  may  be 

obtained  from  it  by  placing  it  with  ita  face  agaiutjt  the  sensitive  eido  of  a 

tjiiecc  of  ordinary  plmto^raphic  paper  (Talbot's  chloride  of  silver  paper 

Jy  described),  pressing  it  into  elose  contact  by  a  board  below  and  a 

above,  and  exposing  it  for  a  abort  time  to  good  Hunuliinc. — A  more 

A«itivr  copying  paper  may  bo  prepared  by  soaking  letter  paper  for  a 

[ininiite  in  a  evolution  of  salt  and  water — one  oz.  of  salt  to  a  gallon   of 

r"*»»ter^ — ilryjiig  it,  and  then  washing  it  over  with  a  mixture  made  by 

^tiding  til  a  solution  of  70  grains  of  nitrate  of  silver  in  an  ounce  of  water 

"Icicnt  caustic  ammonia  to  nearly  rediwjolvc  the    precipitate  at  first 

Iuee<l.^ — TJic  jiositive  picturoa  are  tixed  by  washing    in  water    and 

Tnimersion  for  ton  minutes  in  a  solution  of  hypcxsulphite  of  soda  (1  oz.  to 

apjnt  of  wHter) — then  finally  washing  and  drying. 

Sincu  the  ealotypc  was  first  pateoted,  sonic  further  Improvementa 
re  been  made  by  Mr.  Talbot,  among  which  may  be  mentioned:  1.  The 
Removal  of  the  yelK>wl.^h  tint  of  the  iodide  of  silver  from  the  piiper,  by 
intmvr^iiti^'  the  picture  for  about  ten  minutes  in  a  hath  consisting  of  a 
•btuiinn  of  hypoiiulphite  of  soda  in  ten  times  its  weight  of  water  and 
hNitotl  nearly  tn  the  boiling  point, — tlicn  well  washing  and  drying  it. 
[A  stronger  swlulion  of  the  hyposulphite  may  also  he  used  cold,  the  paper 
oein^  immersed  in  it  for  a  longer  time:  this  will  he  found  the  more  con- 
venient inetho<l  of  the  two.]  After  this,  the  picture  is  placed  upon  a  hot 
iron  and  wax  melted  into  its  pores  to  increase  it*  transparency.  The 
excosB  of  wax  \a  removed  by  pressing  between  blotting  paper  with  a  hot 
iton. — 2.  Rendering  the  calotype  paper  more  sensilive  by  placing  a  warm 
iron  behind  it  in  the  camera  while  the  light  ia  acting  upon  it.— 3.  Tho 
^m  improvement  of  photographic  drawings  by  exposing  them  twice  the  usual 
B  ttiue  to  ihe  action  of  sunlight.  Tho  ehadows  are  thus  rendered  too  dark 
^M^  the  lights  are  not  sutiiciefitly  white.  The  drawing  ia  then  washed, 
^^Bl  plunged  into  a  bath  of  iodide  of  potassium  of  the  strength  of  300 
^l^ine  ti>  a  pint  of  water,  and  allowed  to  remain  in  it  for  a  minute  or  two, 
which  Hiakvfl  the  picture  brighter  and  causes  its  lights  to  aasuino  a  pale 
ycUow  tint.  It  is  then  washed,  and  immersed  in  »  hot  hath  of  hypoaul- 
TOL.  I.  w 
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phite  of  sodtt.,  till  tli«i  pqle  yellow  tint  is  remoTed  and  the  liglits  Krni^l 
qaitp  wliitp.     The  pictures  ttua  finished  hare  a  pletumg  and  pe<rnliH 
effect.     [For  the  other  iraproTements,  vid.  Hunt's  Reiearchn  on  Liffht,] 

Various  other  proceesea  have  litcwise  been  devised  for  takiri|r  tiia- 
picturea  on  paper.  Sir  John  Herecliel  hiw  obtaiaed  some  remarkabie 
resalta  with  paper  washed  with  eolntioa  of  anmiouio-citrate  of  iron. 
Paper  thus  prepared  is  very  sensitive  to  light,  but  the  pictures  impTeased 
upon  it  are  faint  and  DomctimcB  scarcely  visible  r  they  may  howerer  be 
brought  out  very  strongly  a.nd  clearly  by  washing  the  paper,  after  etpo- 
sure  to  light,  with  varioue  liquids,  e.g,  a  neutral  solution  of  gold  {Chryto- 
tpp*) — «nd  varioMB  compounds  of  cyanopen,  ferroeyanide  of  potaasium,  &e. 
(Vj^noippf).  These  processes  will  be  found  fully  described  in  Sir  John 
Herwhe're  memoirs  {Fkil.  Trant.  1842,  II,  181,  and  1843,  I,  1),  also  ia, 
HuntV  RtKcrrhci  on  Li^M,  pp,  137 — 149-  The  latter  work  likewifi 
coDtains  a  detailed  account  of  the  action  of  light  on  varioue  compounds 
silver,  also  on  alts  of  gold,  platinum,  mercury,  iron,  copper,  niangiiiieai^  [ 
lead,  nickel,  tin,  cobalt,  antimony,  and  chromium, — The  ealottfpe  procew  ■ 
ts  however  the  only  one  which  has  been  brought  into  actual  nso  for 
obtaining  snn-pictures  on  paper.     %  j 

Daffufrrf&type.  A  silvered  copper  plate  is  carefully  poliqbed  witl 
pumice-stone,  dilute  nitric  arid,  and  cotton,  and  placpJ  in  a  box  at  the 
ordinal^  temperature  over  iodine,  till  the  vapours  of  the  iodine  have 
covered  It  with  a  yellow  film  of  iodide  of  silver.  It  is  then  placed  for 
some  minutes  in  the  camera  obscura,  which  allows  the  illuniiuated  picture 
of  an  object  to  fall  upon  the  place.  (The  light  which  falls  on  the  plate 
probably  separates  iodine  from  the  iodide  of  silver  and  sets  silver  free, 
chiefly  on  those  part*!  wliero  its  action  is  most  intense.)  The  plate,  ou 
which  no  alteratioo  is  perpeptibte,  is  now  placed  in  a  dark  covered  box  at 
an  angle  of  4A'^  over  a  vessel  containing  mercury  heated  to  75*  C.  (167* 
Fah.)  till  the  desired  shading  is  produced.  (The  mercury  which  rises 
vapour  Aom  tmt  adhere  to  tiio  portion  of  the  surface  covered  with  undi 
comjiosud  iodide  of  eilvcr,  but  only  to  the  silver  which  has  bcRn  set  fri 
by  the  action  of  light,  with  which  it  forms  an  amalgam  in  drops  about  f^|f| 
millimetre  in  diameter.  Lastly,  the  plate  is  immersed  in  a  solution  of 
hyposulphite  of  soda,  then  washed  with  hot  water  and  dried,  (Dagiierre.) 
— (The  hyposulphite  of  soda  dissolves  all  the  iodide  of  silver;  consequently, 
on  those  parts  of  the  plate  on  which  the  light  in  the  camera  obscurs,  has 
not  aeted,  there  remains  clean  polished  silver,  which,  when  the  light  fall^ 
properly  upon  it,  appeara  black  :  on  the  other  parts,  according  to  the 
intensity  with  which  the  light  has  acted  on  them,  there  exJet  Tarious 
numbers  of  nmalgamated  globules,  which,  by  their  greater  brightness, 
bring  out  the  contrast  of  the  picture.)- — If  a  plate  of  silver  poHehed  aa 
above  be  partly  covered  with  paper  and  exposed  to  vapour  of  morcury, 
the  antiB  contrast  is  seen  on  removing  the  paper.  (Fyfe.) — If  the  iodized 
phite  be  covered  with  different  coloured  glass  plates  and  then  introduced 
into  the  camera  obscura,  a  perfect  picture  will  be  obtained  with  bliia 
glass,  a  tolerably  good  one  with  yellow,  and  none  at  all  with  red  or  grceo. 
Ammoniuret  of  copper  acts  like  blue  glass,  sesqui-chlortde  of  iron  like 
yellow,  acetate  of  copper  like  green;  on  the  other  baud,  the  red  solution 
of  carmino  in  ammonia  gives  a  faint  picture  in  which  the  mercury  exhibits 
a  red  colour,  (Hunt.) — Instead  of  the  tedious  polishing  of  the  plate  with 
nitric  acid  and  pumice-stone,  it  may  alao  be  gently  rubbed  with  an 
aqneoDS  solution  of  iodide  of  potassium  containing  a  little  excess  of  iodm«^ 


THERMOCRAPHT. 


179 


I  l«U  all  tlie  parts  are  equally  attacked,  then  erposed  io  the  light  for  eome 
[iQitiutes  aud  polished  with  ilry  cotton.  (Hunt.) — If  the  plate  be  exposed 
to  tljo  vapours  ofchlorifle,  bromide,  &c.  of  iodine,  in.stead  of  those  of  pure 
M>"ine,  it  requires  bnt  a  few  seconds'  illumination  in  the  camera,  and  than 
''©connfs  adapted  for  taking  portraits,  (Bcrres.) — In  order  to  obtain 
JBore  distinct  shading,  Fizeau  spreads  upon  the  plate  prepared  bj 
I'*gi]erre'e  method,  a  solution  of  I  part  of  chloride  of  gold,  and  3  parts  of 
fc^posalphite  of  soda,  in  1000  parts  of  water,  and  heats  it  gently  for  a 
toinote  or  two.  The  gold  which  is  precipitated  from  the  silver  impart*  A 
deepfr  black  to  it;  the  mercury  which  combines  with  it  inakeH  the  colour 
tl«*kor  and  more  stable.     [  Via.  also  Daguerre,  I'offff.  62,  80.] 

^  Thtrmography.  Moser  {Pogg.  56^,  177)  bas  sUowa  that ;  A  guffaee 
whicA  hai  hftn  touched  by  a  bodtf  in  any  parliailar  part,  acquires  the  pro- 
P<Tfy  0/  precipitatinf}  all  vapour*  that  ttiai/  adhere  to  U  01*  it'AtVA  combim 
thtmicalftf  with  it  on  thote  parti,  difurentli/  tn  -what  it  does  on  the  untoudied 
paWj. — Thus,  if  wo  write  on  glass  with  any  suhBtance  that  will  not 
Kr»t«rh  thu  Burfacc,  and  then  breathe  upon  it,  the  writing  becomes  visible. 
Agnin,  (ju  placing  qoina  upon  a  plate  of  glass  or  metal,  and  allowing  them 
to  femain  in  contact  for  some  lioura,  no  change  ia  visible  when  they  are 
removed :  but  by  breathing  on  the  plate,  or  exposing  it  to  any  vaponr 
(tliit  of  mercury  or  Iodine  for  instance),  beautiful  images  of  the  coins  are 
ptnliiced.  Absolute  contact  ia  not  necea?ary  for  the  production  of  these 
imjgpg;  m^re  proximity  ia  sufficient.  The  general  law  of  the  pbeno- 
tnfliiftn  may  he  thus  expressed  "  When  two  bodies  are  tujkientlff  up- 
forimntea,  thep  mutualh/  dejiict  each  otkfv"  Moser  attributes  this  effect 
•«tlie  action  of  rays  of  light  wbicb  arc  imperceptible  to  our  eyes,  and 
applies  to  tbeac  fays  the  Bomewbat  paradoxical  appellation  of  "'/nm'iille 
''t<jk.'* — Hunt,  who  has  examined  these  phenomena  with  great  care,  Sada 
'"41  to  prodnco  good  impressions  of  coins,  &c.  on  metal  plates,  it  ia 
iWftBary  to  nse  dissimilar  ni'Stah.  Thus,  when  a  sovereign,  a  shilling,  a 
'*fgo  silver  medal,  and  a  penny  M'ere  placed  npon  a  polished  copper 
pl*te,  the  plate  gently  warmed  bypassing  a  spirit-lamp  under  its  surface, 
*"<!  ^hcn  cold  exposed  to  the  vapour  of  mercury,  each  piece  had  made 
'*«  impression, — but  those  made  by  the  gold  and  the  large  medal  were 
'M  most  distinct,  the  lettering  being  copied  as  well  as  the  disc  traced 
"*<■  Imprcissions  of  still  greater  distinctness  were  obtained  when  the 
pati!  VV114  more  strongly  heated. 

Tlieoo  experimeuts  seem  to  show  that  the  calorific  rolatjons  of  the 
^^h\%  materially  intluerco  the  result;  aud  this  is  more  strikingly  shown 
Ytlic  following  arrangements. — Pieces  of  blue,  red,  and  orange -coloured 
^li^',  aUo  of  crown  and  flint  glass,  mica,  and  a  square  of  tracing  paper, 
*'B^'  laid  for  half  an  hour  on  a  plate  of  copper,  the  space  occupied  by  the 
**i  frlai*  was  found  to  be  well  niarko<l,  that  covered  by  the  orange  gla^ 
*''i«  less  dielinct,  but  the  blue  gla.ss  left  no  imprecision,  Tho  sliapes  of 
we  flint  and  crown  gla^  were  well  made  out,  aud  a  remarkably  strong 
i<iiprc.»!«ion  left  whore  the  ctowB  glaes  rested  on  the  tracing  paper,  but  the 
JSim  had  not  left  any  impression.     The  same  glasses,  together  with  a 

Jifeo  of  well  smoked  glass,  were  placed  for  half  an  hour,  :j'^  of  an  inch 
'&»  n  polished  plate  of  copper.  Vapour  of  mercury  brnugbt  out  the 
fteago  of  the  smoked  gla^a  only. — All  these  glasF^es  were  placed  on  the 
foppfT  and  eUghtly  warmed.  The  red  and  smoked  glasses  gave,  after 
raporisation,  ei^ually  distinct  imtigcs:  the  orange  the  next:  the  others 
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left  but  faint  ni&rka  of  their  fonna,     Polishing  with  Tripoli  an<l  patt^ 
powJer  would  u&t  remove  the  images  of  the  smuktHl  and  r«l  glaijse*. 

The  same  coloured  glaases,  &c.,  were  placed,  togetlicr  witli  a  lliick 
piece  of  charcoal,  apon  n  plate  of  copper  ami  exposed  to  fervent  annsh'mo. 
Mcrotirial  vapour  brought  out  the  inia;^ea  in  tUe  following  order:  Smokodj 
glnss^  crown  gloats,  red  glass,  mica,  orange  glass,  paper,  cli&rooal,  tJte 
coin,  blue  glass, — tUus  distinctly  proving  iliat  tbe  only  ra.ys  which  hid' 
any  influence  on  the  metal  were  the  calunfie  rayij.     For  this  reason,  Mr. 
Hunt  applies  the  term  Thermography  to  tbe  production  of  images  in  thia. 
manner. 

Tlie  thermographic  process  id  ap])licttble  to  tlic  cojtying  of  cngraTinsa,] 
An  account  of  the  method  will  bo  found  in  Hunt's  ResearcJtts  on  Li^A 
p.  233.  The  same  work,  pp,  219 — 242,  also  contains  a  variety  of  other] 
interesting  iletaib  relating  to  this  curiouamode  of  action.  YYid,  also  Ann.  • 
Chan.  Pkarm.  48j  184.]     IT 

Solar  light  may  be  suppo-sed  to  consist  of  three  kinds  of  rays,- — thej 
healiny,  tlie  lnm.inu>iB  and  coloured,  and  the  chemical  ra^s, — the  first  ot 
wlkicL  are  the  leaat  and  the  la.9t  the  most  refrangible,     AccorJiog  to  tbj«] 
view,  t!ie  light  of  the  sun  refracted  by  a.  priani  produces  three  spectra;  ID 
the  middle  the  liyfd  and  colour  gpfctviim;  on  the  one  side,  the  /teat  epM- 
truvi  with  its  maxirauni   in  the  ueighbuurhood  of  the  redj  and  on  tha 
other,  the  ckeiaiccil  tpectrtim  with  it^j  niaxiinuni  in  the  neighbourhood  of 
the  violet.     The  rays  from  the  groon  to  llie  red  likewise  exhibit  ebemical 
OGlionj  inasmuch  as  they  impart  a  somewhat  lighter  colour  to  chloride  of 
eilver:  hut  on  the  other  band,  they  seuin  to  exhibit  an  action  contrary  to  , 
that  of  the  chemical  rays,  since  they  remove  the  blackening  from  cbloridaj 
of  silver  which  has  been  acted  upon  by  white  light,  and  instantly  destroy! 
the  power  of  magnets  formed  by  the  action  of  light. — The  assertion  of 
Grotthuss,   that  blue   iodide   of  starch    is  most  quickly  decoloriKed  by] 
yoUow  and  grccii  light,  and  the  blond-red  alcoholic  solution  of  snlpho- 
cyit'iide  of  iron  by  blue  and  green  light  (from  which  he  concludes  thivt  ft 
ray  of  coloured  light  most  easily  deeolori^tes  stibstances  of  opposite  buo, 
and  eiiJcavouns  to  impart  its  own  colour  to  thomj  requires  further  exami- 
nation, inasmuch  as  it  Is  opposed  to  the  experience  of  other  observers.! 
The  same  maybe  said  of  Sir  H.  Davy's  ft>=sertton  (Elem.  1,  187)  that  the 
red  ray  acts  on  a  mixture  of  chlorine  and  hydrogen  gases  and  on  wet ' 
peroxide  of  lead,  more  powerfully  than  the  other  coloured  rays. 

Since  the  cbemicttl  rays  of  light  often  cauae  the  separation  of  oxygen  | 
from  metals,  they  have  been  called  de-ox!diziit(f,  and  those  towards  the  red  i 
and    of  the   spectrum,   oxidisinff   rays;    incorrectly  however,   since    tho ' 
chemical  rays  also  bring  about  the  combination  of  oxygon  with  gaiacum 
and  colouring  matters,  of  chlorine  with  hydrogon,  &c. 

Many  of  the  changes  produced  by  light  may  also  Ire  brought  about  by- 
slight  elevation  of  tomperaturo;  e.ij.  the  efflorescence  of  salt«;  tnaay  by 
a  boiling  heat,  a.s  the  decomposition  of  most  metallic  salts  dissolved  m 
alcohol  or  ether  (sulpho-cyanide  of  iron  dissolved  in  alcohol  is,  according 
to  Grottliuiis,  but  little  discoloured  by  boiling);  otliers  again  by  a  tempe- 
rature of  from  150''  to  200-',  a*  tho  combination  of  chlorine  with' hydrogen, 
and  the  bleaching  of  coloured  fabrics  exposed  to  the  air;  others  also  at  » 
rmd  heat,  at  which  light  may  likewise  assist,— as  the  production  of  oxide 
iif  phosphorus.  But  in  many  cases  the  action  of  light  cannot  be  replaced 
Ijj^  that  of  heat.     Chloride  of  sUrer  does  not  blacken  even  at  a  rod  heat. 
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bI  wljicli  it  niplte  anrl  eiiblinies.  Tlje  green  parts  of  plants  Ho  not  eepa- 
tite  oxv'gen  from  carbonic  acul  tit  any  temperature  in  the  absence  of 
lijihi.  It  is  also  to  be  remarked  tbat  the  rays  by  wliicb  chemical  action  is 
prtKliicfd  lire  not  the  hottest  but  the  coldei?t  rays  in  the  spectrum.  Hence 
it  18  ouly  ID  a  few  cases  that  we  can  adopt  the  views  of  Rumford  and  of 
Oivj'-LuBsac  &  Tbenard,  and  attribute  the  chemical  effects  of  light  to 
tlic  ri«  of  temperature  i^hich  it  produces  on  coming  in  contact  with 
pott:lcrnbte  bctdies. 

2.  Development  of  Light  lif  PomhmMe  S«l*((tnces. 

The  development  of  light  in  either  vivid  and  attended  with  consideraf 
bicriae  of  tempcmture — Fire — or  it  is  faint  and  accompanied  by  little  or 
Bo  clfTelopmeat  of  hiu^t-^ Phosij/torescence,  Luminosity. 

i.  Dmhpmejtt  of  Litfkt  bi/  tlit  mutual  chemical  action  of  Fonderaite 

Bodiea. 

t  Dtvelopme^it  of  Light  as  a  comeqnence  ofacliuit  CJumicaZ  Comhinatton. 

Many  substunces  whose  affinity  for  each  other  is  considerable, — the 

(ifttifntarv  budieB  therefure  most  of  all  (according  to  Law  2,  ft.  p.  144), — 

wvelnp  light  and  iitat  at  tiie  moment  of  eoTiibiuation.     The  elenieiit 

'liich  most  frequently  dcvelups  light  and  heat  in  combining  with  others 

in  oiyjTtn ;   and  thw  act  of  its  combination   with  other  bodies  is  pra- 

fmiiicutfy  denominated  C'ombinCion.     The  body  whichj  next  to   oxygen, 

"itof  commonly  pri>flucea  li;j;ht  and    heat    in    combining  with  others,  la 

fiiltiriiioj  next  follow  bromine  and  iodine j  then   selenium,  Hiilphur,  and 

phosphorus. — But  few  comjmund  bodies  develop  light  in  combining  with 

fllhers.— Hydrate  of  potash   or  soda  pruduccB  light  in   combining  with 

»«Ij(hiiric,  nitric,  or  concentrated  acetic  auid  dropt  upon  it ;  baryta  or  limo 

intL  water  or  one  of  the  acids  juat  mentioned ;  magnesia  with  eulphuric  or 

aitric  acid.     (Heiurich.) 

The  light  must  either  have  existed  ready  formed  in  one  or  both  of  the 
cumbioing  bodies,  and  be  merely  separated  by  the  act  of  combination,  or 
it  must  bo  evolved  during  the  coiiibination  of  the  |)ondcrablc  bodies  out  of 
imponderable  elements  c(iutaincd  in  them;  on  the  latter  hypothesis,  it  is 
inoet  probable  that  one  kind  of  electricity  is  supplied  by  oiygeQ,  chlorine, 
&c.  and  the  other  by  the  metals  and  bodies  like  tbom,  1  Vid.  Develop- 
pttttC  of  Heat  ID  the  elinpter  on  Heat,  and  Combustion  in  tne  cJiapter  on, 
Oryffen.] 


b,   DtvthpmftU  of  Light  as  a  ^omequencc  of  probable  Chemical 
Vombitiation. 

(a.)  Phoepboreweuce  of  living  Orgauixod  Bodies, 

I.  Photij/horescence  of  Living  Animah. 

Thft   pboephorcscence  of  thoee  animals   appears  to   arise  from   this 

eircuniBlancf, — that  ihcy  eliminate  a  peculiar  and  in  most  ca«cs  liquid 
•iib*.tance,  containing  phospborus  or  eonie  other  element,  which  combines, 
at  common  tcniperalurea,  with  the  oxygen  of  the  air  or  of  water  containing 
air,  prodncing  a  faint  iuminouo  appearance.  Not  only  docs  the  separa- 
tion of  thid  fiuid  appear  to  depend  upon  the  life  of  the  animal^  but  ita  will 
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SMtna  likewiee  to  determine  whetlier  tiic  fluid  shall — ^partly  by  m^siis  of 
th*  respiralory  nrodiss — come  in  coutact  with  the  oxygi;n  of  the  air,  and 
thus  produce  a  development  of  light,  or  not.  Ttie  view  is  tnaintalned  hj 
Spall)uisa&i,  Hcinrich,  Treviranus,  and  Tilesius, — whilst  Carradori  ana 
Mwjlltit«y  regaril  this  luminosity  aa  a  oousequcnce  of  the  vital  praoeas, 
ud  aappose  tLat  the  increased  luminosity  in  oxygen  gas  proceeds  from 
aagm€i)t«d  vital  activity,  and  the  diminution  of  light  in  other  media  from 
dimini»he<l  vitul  energy.  But  since  tho  liquid  retains  its  luniinoaity  etea 
wbpu  spparateJ  from  the  living  animals,  and  the  animals  often  eoDtinns 
luQiiiious  even  after  death,  the  vital  process  cannot  be  the  immediaU  caose 
of  the  y>hosphor^scence. 

The  animaU  whirh  exhibit  phosphonesf^nce  daring  life,  all  belong  to 
thp  lower  pla8«es,  prinripaUy  in3i>ct»  and  worms, 

Ataphibia:  The  fresh  e^^  ui  Lac^rta  agitit  (Heinrich),  and  of  soma 
e^rp^nta  (Lan^rebo). 

F'uhrt:  A  peculiar  kind  of  Leptocephalus.  The  bodio<i  of  dead  fish 
also  appear  phosphorescent  at  tiniee.     (Ijaugrebc.) 

/ngeeti,  t,  Colfoptera:  E!atcr  n&eiUucus,  iffnUui,  Lantpcutian^  rcliv- 
tpicitns,  lucidnliM,  nictitans,  Lvcer'iiuln,  Speculator,  Janus,  p^rop&afuu, 
htminonis,  litctns,  ejetificttm,  Ciicirjus,  Luci/er,  and  pkosphtjrettt;  Lampii^M 
noctiim'a,  tphndidida^  Ilatim^  and  kemiptera  (this  according  to  IUtg«^|^ 
Botphtisphorescent);  Pausitisph<]erocerus,iScar(^mu  pkcipAoreiu(t}  (Lms^ 
J.  Pfitft.  44,  300);  Buprestts   occeltnta. 

S.  Orihopirfa:  Aehtta  Gryllotalpa. 

3.  Uemipifra.  Fulgora  lat^maria  (the  lunslnosity  of  which  is  donbted 
by  Martius  and  Spis)  and  canthlanit, 

4   Diptera:  Calex  pipkns  (^Hablitsl,  Ifttu  n&rditche  BtitrSgt,  4,  398). 

5.  M^riapoda:  Seohpemm  eiectriea,  pkoiphorea  and  mortUartt/ 
•lulus. 

6.  Arachnidiv:  Phafangmm, 

7.  CruHncfa :  Many  Squiltce;  Cancer  fulyens,  macrourtts  and  ath«TS; 
Sammaras  Prdfx  (sometimes  only),  caxtdtsftus,  longicarnii,  truntatHS,  Ht^ 
einntifwi,  htUmdltut  and  craisimamu;  Oni$ciis  /ui^tent;  C^dvpi  exUiem/ 
Amymnne  and  A^aupliat  (the  young  of  Cyclops);  Monoeultu. 

8.  Annufata:  Nereis  noetUuea,  phosphorant,  cirrSffem,  miteronotgf 
radieUa,  and  others;  Spiroffrap/tix  Spallamanil,  Lumtn'icia  terreHrit,  am- 
pJtctMtintM  and  Hirticawia;   Phtnaria  rrUum;  Branchiunts  g^tadripft, 

9.  Molltuea;  Pholat  DaeUflus;  all  kinds  of  Scdpa  (or  Biphoru),  m 
pinnata,  a^nU,  lotuiria,  vaffinata,  bieornu,  comtUtt,  venom;  and  af  jPyro- 
JOma,  viz.,  Pyrotoma  Atlanticum  or  Tdephoriu  Amtratit. 

Zoopkyiet.     \.  Radiata:   Afterias  noctilaca;  Ophiura  phmpkotts. 

2.  A<xJepha:  Very  many  species  of  Mtdum,  aa  pelupica,  peUucena 
(theee  t*6  specie*  perhaps  identical),  tdntUlans,  simplex,  Incida,  kemis- 
phirriea,  ovata,  ttdfcrculaia,  ptmopyra,  noetiluca,  nurita,  the  acveial  species 
of  Aurtlia:  many  apeciea  of  Btroc,  as  fulgent,  Pileus,  globota,  MrasUi- 
enjM,  micans,  jtava;  Phyiaiia  AretAuaa  and  ^latusa;  several  apecles  of 
Physsophora,  ttvgelher  with  Plninphifm  and  Stfphanomia, 

3.  Pofffpi:  Sertvlaria  neritina  and  voluhilis  (Qt:  J.  of  5c.  iV.  ,S'.  4, 
383) ;  Prnnatala  p/tDtphorea,  *jr%«a,  and  all  others;  VereiiUum  Ct/nomorinm, 
according  to  Leuckart;  /««/  Goryonia;  Alcifonium  «o«,  according  to 
Lenckart;  Sptjmgitt. 

\.  lufiifona;  Lntcopkoa  ^hinoida;  Triehoda  trianffttlaru,  fft-auulota, 
Cluva  and  tchinoida;  GMa  Psetidofdppus,  crispa,  erygtallina,  dfforniit, 
Conu*  and  tpimUii;   Vorticella;  CsitJarts;    Vibrio;   Volvox. 
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Tlie  egga  of  Lacetia  affilis  and  of  some  serpents  emit  a  beautiful 
re«n  light;  the  fresher  thoy  are,  the  more  brightly  tbej  shino.  When 
iirietl  iu  moilerately  damp  earth,  they  go  on  shining  for  weekaj  exposed 
to  the  air,  they  bocoiue  dry  and  soon  lose  their  phusphorcscence.  (Lang- 
rebe.)  Nun-luiiniiious  eggs  become  luminous  by  agitation.  (GriJQdlQr 
yaiurjhrsehei;  3,  2S.) 

In  the  Elater,  there  are  two  elongated  and  roundtah  luminous  gpots  on 
each  side  of  tfje  dorsal  covering'.  TheBO  are  glands  containing  a  yellovr 
«ab«tjiace;  and  to  those  the  animal,  byiueaaa  of  branches  proceeding  from 
the  cells  of  lUo  laags,  Kin  allow  a  large  or  small  quantity  of  air,  or  nonaj 
at  all  to  have  access,  whereby  the  development  of  light  is  made  stronger 
or  weaker,  or  ceases  altogether.  The  animal  shines  lor  six  or  eight  days, 
even  on  tho  needle.  {Spex.  C'omp.  Illiger,  Mag.  d.  Get.  naturf,  Freunde 
m  Merlin,     1S07,  141.) 

The  female  of  Lampyris  noctiluca  or  wplcudidula  (the  glow-worm), 
whoso  abdomen  is  divided  into  six  eegmente,  shines  on  the  under  part  of 
the  iaHt  three  abdominal  rings,  which  are  dibtinguisbed  by  a  yellowish  or 
greeniab  white  colour  from  the  browu-colourcd  parts  of  the  rest  of  the  body, 
\V  iihin  these  three  terminal  rings  is  found  the  luminous  matter,  a  vcllowieb 
white  transparent  sub-stance,  consisting  of  ramifying  iibres  and  granulea  ' 
of  an  organic  structure,  heavier  tban  water,  yellow  and  opaque  when 
dry,  and  consisting  principally  of  a  material  which  exhibits  the  diemical 

firopertioa  of  soluble  albumen.  {According  to  Heinrich,  an  adhesive 
uttiinous  substance,  which  imparts  its  phosphorescent  properties  to  water 
or  oil,  may  be  squeezed  out  of  the  animalj  according  to  Siucartney,  thia 
fiabstaoce  when  separated  from  the  animal  la  no  louger  luminous,  %vhcreas 
the  bag  containing  the  luminous  matter  shines,  when  separated  hom  tlia 
animal,  for  Mveral  hours  in  the  air,  and  for  48  hours  in  water.)  Tho 
pho-spboresconco  of  the  animal  begins  about  7  or  8  o'clock  in  tho  evening 
and  continues- till  awnrJse.  (According  to  Macartney,  a  thermometer 
rises  when  placed  in  contact  with  tbo  insects  while  emitting  light,  but  not 
when  in  contact  with  tho  separated  luminous  matter  of  the  tail.)  The 
phosphorescence  of  the  insect  is  totally  unatiectcd  by  want  of  food,  or  by 
eturms,  thunder,  or  candlelight.  It  is  strengtbeaod  by  repeated  gentle 
disturbance,  and  is  moat  vivid  during  the  motion  of  the  animal.  It  is 
interrupted  for  a  lime  by  sleep,  noise,  mere  violent  disturbance,  or  by 
cooling  to  +  12  C  (S3'o'  Fah,), — and  then  the  phosphorescence  ceases 
from  tlio  fore  to  the  back  part,  two  points  on  the  terminal  ring  often  how- 
ever continuing  to  glow.  The  luminous  matter,  ■when  kept  under  water, 
continues  to  shine  for  two  or  three  days.  If  a  living  worm  be  placed  in 
wnter,  at  14°  C,  atsd  the  liquid  warmod,  the  animal  begins  to  shine  at 
27',  emits  the  strongest  light  at  41";  continues  shining,  though  detid,  at  a 
higher  tenipernture,  and  its  light  is  extinguished  for  ever  at  57°  or  62.^ 
If  the  temperature  of  the  water  be  maintained  at  .35°,  the  animal  conti- 
nues to  sliinc  for  a  long  time  after  dcaib,  but  gradually  ceases  when  the 
Iter  is  cooled  to  25'.  When  the  iu.'iect  is  warmed  without  water,  th« 
10  cfiect  is  observed,  excepting  that  tho  phoaphoroscenco  ceases  sooner, 
"on  account  of  the  drying  up  of  the  luminous  matter.  Dead  glow-worats,  not 
yet  dry,  begin  to  shine  again  in  water  at  44",  and  often  remain  luniinom 
for  two  or  three  days  after  tho  cooling  of  tho  water.  Glow-worms  killed 
by  cooling  them  to  O**  begin  to  sbiao  again  at  31".  If  the  bead  or  the 
luainoua  ring  of  a  worm  which  shines  of  itself  bo  cut  off,  tho  light 
CCMas  in  about  five  minutes,  but  re-appears  in  a  few  minutes  longer  in  a 
lower  degree,  continuing  for  two  or  throe  daysj  and  may  be  strengthened  at 


184 


LIGHT. 


pkannre  by  warmiti(».     The  phosplioreecenco  of  the  extracted  lumiatfl 
matter  may  likewise  ho  etrengtliened  by  tiiotJerate  heating,  and  destroyw 
hy  a  lieat  of  53  , — in  which  respect  it  rc^emblM  coagulated  albumen.     A 
current  f>f  electricity  frflm  the  electrical  machine,  or  repeated  electricM 
Ji*cliarjrefl  pawed  through  the  tiuimal,  excite  no  phosphore¥cenc«>.     If,  ofli 
the  contrary,  the  insect  immer^wl  In  a  little  w»ter  be  brought  by  meani 
of  two  wires  within  the  circuit  of  the  Tolt*ic  pile,  it  insUintly  becomes 
Inniinous  and  continues  so  aa  long  aa  the  circuit  is  complete,  but  ceoaes  Id 
ehine  every  time  the  circuit  h  broken,  although  the  water  Burroundinj 
the    atiini'il    (shows    an   elevation  of  temperature  of   only  ^°.      Sitnrlal 
effects  »re  produced  npon  decapitated  glow-worms,  on  the  three  termina 
rings,  and  the  separated  luminona  matter,  when  they  are  no  longer  self 
luminous. — Neither  the  animal  nor  the  luminous  matter  is  phoephoresceni 
in  vacuo,  even  at  the  most  favourable  temperatore  or  nnder  the  influence 
of  the  voltaic  pile;  on  admitting  the  air,  the  luminosity  is  restored.     Th«^ 

Ehosphorescence  of  the  luminous  matter  likewise  ceases  under  oil,  probably 
ecause  the  access  of  air  is  impeded.  In  oxygen  gaa  and  nitnms  oxidgui 
the  phiw-worm  appears  to  shine  somewhat  more  brightly  than  in  cumrooi 
air.  (The  increased  lurainosity  in  oxygen  gas  was  observed  by  Spnilanzan 
{Gilh  1,  a."])  and  by  Forster.  According  to  Grotthues,  the  animals  musl 
be  cooled  some  degrees  lower  in  oxypeii  gas  than  in  common  air  bcfon 
they  lose  their  phosphorescence,)  In  chlorine  gas  the  nnimal  dies  in- 
stantly, nnd  if  eubseiiuently  warmed,  emits  a  rose-coloured  lig^htfor  a  shorl 
time,  In  hydrogen,  carbonic  acid,  carbunctted  hydrogen,  or  sulphuroni 
acid  puj!,  the  glow-worm  soon  dies  and  emits  no  light  when  warmedj 
According  to  SjMiUanjaini,  also,  the  lifrht  is  extinguished  g^radually  in 
nitrocrcn  and  liydrogen  gas  and  instantly  in  carbonic  acid.  The  luminous 
matter  also  loses  its  phosphorescence  in  these  fuses,  and  shines  aeaio  o< 
the  admission  of  air  or  oxygen  gue,  excepting  when  tlio  luminosity  bu< 
been  destroyed  by  chlorine,  sulplmrons  acid,  or  vapour*  of  hvpo-nitri( 
acid. — ^Alcohol  and  very  dilute  mineral  acids,  which  do  not  kiJl  the  *ni^ 
mal  instantly,  cause  tho  final  extinction  of  its  tight  when  under  tvatei^ 
and  likewiw  of  tliat  of  the  extracted  luminous  matter;  concentrateii  acid< 
extinguish  it  instantly.  By  these  means,  as  well  as  by  heating,  or  h\  thi 
action  of  copper-salts,  corrosive  sublimate  or  ether,  the  luminous  mattel 
]*assee  into  tlir  stale  of  coagulated  albumen,  nnd  then  its  luminosity  i| 
destroyed.  In  aqueous  solution  of  pota-sh  the  luminous  matter  diss?olv« 
And  loses  il^  illuminating  power.     (Macaire.) 

The  Lampyris  shines  both  as  a  perfect  insect  and  also  in  the  larv< 
etnte,  but  most  powerfully  in  the  nymph  state,  (Do  Geer.)  The  eggi 
begin  to  ehine  faintly  in  four  or  six  weeks,  when  the  larva?  arp  devcloj>r< 
and  on  tho  point  of  emerging.  Tlie  females  shine  with  peculiar  bright 
ness  in  the  breeding- season  and  during  procreation,  cease  to  Khine  im* 
mediately  afterwards,  but  shine  brightly  agnin  on  the  following  even* 
ing;  their  light  is  brightest  wlien  they  are  pregnant,  at  which  lime  ihej 
emit  light  from  their  whole  bodies  with  the  exception  of  the  head.  Th« 
males  do  not  shine  during  procreation,     (Langrebe.)  [ 

Tho  Lampifrit  Italiea  shines  under  water  for  several  hours,  under  oil 
for  only  20  minutes;  it  soon  loses  its  phosphore.«cence  whoa  itiiniersed  i 
hydrogen,  carbonic  acid,  or  nitric  oxide  gas,  but  shines  .igain  when  hroii;L'li: 
out  into  the  air.  provided  luminosity  has  not  been  t^vo  Jong  interrupted 
hut  in  this  cjise  the  insei-t  shines,  even  when  dead,  in  liypmitric  nci' 
vapour,  emitting  a  green  light  which  slowly  disappears.      (Carradori.) 

The  female  nt  £,ampyri4  Italiea  cxhibiU  the  samestcailv  light  aa  tin 
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pf  Ibi.  ttoetilum.  Bat  tlie  male,  wliose  two  hinder  aMomiaal  rin^are 
fnrkeCy  luininons,  exhibits  a  flasLin^  li^ht,  becoming  brigliter  from  45 
to  3S  limes  in  a  minute,  in  ttccf>rrlnacc  with  tlie  number  of  pulsations  in 
the  same  interval.  The  laminoiis  eubstanec  is  situated  immediately  on 
tie  lower  segments  of  the  two  hinder  ab<lominal  rings,  exactly  in  the 
Pwtlion  where  the  pulsation  of  tbe  dorsal  vessel  is  the  strongeat.  The 
oWf  may  in  this  eituattou  strengthen  the  phosphorescence,  m  eonBequenc« 
f'f  tlic  Inorication,  vital  influence,  and  excess  of  oxygen  which  it  causes. 
Tbe  luminous  matter  separated  from  the  animal  h  white  and  viacid, — 
S»p«ra  nnder  the  mjcroacopB  to  consist  entirely  of  small  globules, 
between  wliich  are  distributed  numerous  tracheal  ramilicationa, — shines 
■s^ben  spread  upon  glass,  with  a  greenish  light,  which  diminishes  and  ulti- 
rnntety  ceases  when  the  matter  becomea  dry,  but  may  often  be  restored 
^y  m'HEfture.    (Carus.) 

Iq  P'tu-fut,  the  antennas  alone  emit  a  feeble  light.     (Afzetius.) 
in  Fufiforn,  the  light  proceeds  from  the  hollow  projection  situated  on 
loe  biDrler  part  of  the  head,  and  connected  witli  the  air-vessels. 
•Seofopejidra  shine  over  the  whole  body. 

The  iVerfw  sblnea  most  conspicuously  when  the  sea  is  agitated  by  the 
paesage  of  ships  and  other  causes  (Spallanzanl) ;  its  luminous  matter  may 
"*  difused  through  water  (Trevirauu,?),  According  to  Viviani,  the  cirri' 
9ff<i  is  the  most  luminous  of  all  animals  inhabiting  the  Mediterranean. 

Lnmhriciu  terrestris  sometimes  shines  in  October  on  the  indurated 
^'%  (Brugicre,  Fkugergues,  J.  Phji.  10,311;  Andouin,  ImlUut.  1840, 
8R1.) 

Planarla  retusa  shlnefi  uniformly  over  the  whole  body.  (Viviani). 

Tbe  Photai  Dactylus,  boring  muscle,  also  contains  a  phoaph orescent 

*i*]uij   which   iwlberes   to    everything  which   it   touches  and   makes   it 

'  Ominous,  and  may  be  expressed  and  mixed  with  water,  oil,  or  milk,  soaa 

J'<)/wni  a  luminous  fluid.     The  boring  muscle  not  only  shines  oxtemalJy, 

"jut  Jikewieo  internally  when  cut  open ;  it  continues  to  shiue  for  a  day  or 

^wo  after  death,  till  it  putrefies.     Its  light  shows  itself  between  (3°  and 

■^6°;  gentle  heating  strengthens  it  but  shortens  its  duration;  stronger 

lieating  destroys  it.     The  pjjosphoroseenco  of  muscles  becomes  brighter 

in  (liluto  solutions  of  common  salt,  nitre,  piitash,  and  sugar;  it  is  destroyed 

Vy  sulphuric  acid,  vinegar,  alcohol,  and  urine,  and  by  concentmted  aolu- 

t)an$  of  potash,  salntnmoniac,  salts  of  leail,  and  vitriol.     Dried  pliolades 

lecovur  their  luminosity  on  being  moistened  with  water,  even  after  the 

Ikpee  of  several  months.  (Beccaria,  Commmt.  Bonmi.  2,  1,  248.) 

Snlp<f  (according  to  Edw.  Forbes,  Ann.  and  Mag.  of  Nut.  Hid.,  1841, 
7»  3^0)  do  not  shino  of  themselves,  but  only  in  conBe<iuenco  of  InminouB 
Crustacea  which  frequently  adhere  to  them. 

Pyrosonm  Arhtntictim  diffuses  a  very  vivid  light,  and  is  often  so 
abund.ant  in  the  sea  that  fish  can  be  distinguialied  by  it$  light  at  the 
dpplh  of  l;j  feet.  The  temperature  of  water  in  which  this  animal  is  im- 
mersed rises  about  1°  C,  aa  is  likewise  the  case  with  Salpic.  (Kuhl,  Schw, 
34,  361.) 

Tbe  light  of  Asterias  noctiluca  spreads  itself  out  from  the  centre  iuto 
the  rays ;  the  separated  rays  and  their  fragnieuta  also  continue  luminous 
for  a  time.  (Viviani.) 

The  luminous  parts  of  the  Mcdusfs  observed  by  Spullanssani  are:  the 
large  tcntacula,  the  edge  of  the  umhella,  and  the  sac  which  ia  connected 
wiui  the  opening  of  the  umbolta.  These  parts  contain  the  luminous  prin- 
ciple in  tbe  fomi  of  a  thicki^h  glutinous  liquid,  very  different  from  the 
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Galise  watery  fluid  into  which  the  medusa  a!m«wt  entirely  melta  whi 
remored  from  the  water.  This  viscid  liquid  prixlnces  itcbing-  when  »]  *^ 
to  tlie  skin,  as  doea  also  ihe  jtitee  of  eevciul  non-lumlaous  luedus*. 
luminous  matter  may  be  scrafjoj  uff — renders  bodies  smeared  with  it 
pSjorescent — and  w&oii  mixed  wilb  water,  urine,  aud  particularly 
milk,  forms  miiturcs  which  remain  lumiaoua  for  eercral  boats — t 
creased  iu  brigbtue^  by  agitation  or  by  warmiug  to  37'  C. — may  1m 
rendered  lumtnmis  after  their  pboapliorcscenco  has  ceased — ^btit 
Btrongly  heated,  are  deprived  of  their  lomiacieity  for  ever.  (Luiui 
fluiila  of  tbia  kiad  may  abo  be  obtained  by  magbing  up  the  entire 
ID  water  J  if  eea-water  is  used  for  the  purpose,  the  mixture  sbi 
feebly.) — Tbe  mcdnaa  shines  in  water  tike  a  torcb,  so  brightly  that  it 
bo  seeu  at  tbe  distance  of  100  paces.  Its  light  is  most  britliant  when  lb 
alternate  contraction  and  enlargement  of  the  disc  succeed  each  other  wit 
the  greatest  rapidity ;  the  Ugbt  is  also  etrengthened  by  motion  from  with 
out.  With  the  dimiiiution  of  this  oaciilatiun  the  light  becomee  faintei 
ami  when  it  oeascs,  there  remains  only  a  very  faint  luminosity,  whieh  ms] 
also  be  observed  after  derath,  and  doea  not  disappear  till  putrefaction  set 
in  ;  it  is  likewise  increased  for  a  time  by  rubbing.  A  medusa  which  bai 
died  out  of  water,  and  ia  no  longer  luminouu  but  beginning  to  deliquesci 
recovf^rs  its  luminosity  in  fresb,  but  not  in  aea  water:  the  wat«r  oIbo  bi 
coatee  lumtDoua,  (Spallaniuwi.) 

The  luminosity  of  MeduMt  lueida  in  wmter  ie  increased^by  wannitiy,  til 
the  water  becomes  so  hot  a«  to  kill  tbe  iiuiuial.  In  aleoLol  it  shines  stil 
more  brightly,  but  soon  dies  and  ceases  to  be  luminous.  Placed  in  wat« 
under  an  exliausted  receiver,  it  shines  a«  strongly  as  under  the  ordin.ir] 
pressure  of  the  air.  The  electric  spark  seems  to  hare  no  action  upon  it 
electric  shocks  cause  the  light  to  disappear  for  an  instant,  but  it  immodi 
ately  reappears  with  increased  brightness.  (Macartney.)  > 

In  Atirdia,  the  light  proceeds  from  tbe  base  of  the  teutacolft;  in  Berci 
from  the  vesstds  under  the  laced  filaments.  (Edw.  Forbes.) 

If  a  Pkj^ialia  be  tnimcrsed  in  alcohol  it  instantly  ceases  to  sliiue,  b4 
cause  it  diea. — ^oophi/ti^f  do  not  shine  when  at  rest,  but  only  after  exep 
tioD,  aud  coaae<]'aently  increased  rcqiiration,  inasmuch  us  locomotion  ant 
respiration  are  with  these  animals  one  and  the  eame  movement,  Tboil 
light  becomes  fainter  aa  their  vital  force  diminishes,  and  cenaes  with  iheti 
death.  This  t.-ikoa  place  after  often  repeated  exertion  and  luminosity 
thence  resulting.  (Tileaius.) 

In  the  Pennatula  phosphorta^  the  light  proceeils,  not  from  the  stem,  bu) 
only  from  the  feather, — and  is  excited  only  by  motion,  either  spontaneoui 
or  induced  from  without.  After  death,  luminosity  is  produced  by  touch 
lug  the  animal,  a  luminous  slime  being  at  the  same  time  expressed  froiil 
the  feather.  (Spallanzani.) 

luAlcifonum.  exos,  likewise,  the  phosphorescence  exbts  not  in  thestem 
but  ill  the  individual  polypi.  (Lenckardt) 

Tbe  phosphorescence  <if  the  sea  at  night— which  sometime*  di|fuse«  I 
universal  but  dull  glimmer  of  light,  sometimes  presents  a  fiery  surface,  ai 
other  times  shines  only  iu  places  where  it  ia  set  in  motion  by  ships  oi 
ours,  at  others  again  exhibits  single  sparks,  stars,  halls,  chains,  or  bandi 
of  fire — is  mainly  attributable  to  small  luminous  animals  which  inhabtl 
the  sea.  The  separate  luminous  spots  are  produced  by  the  larger  Mednsw 
SalpiB,  and  Pyrosomaj,  which  emit  the  most  vivid  ligbt.  (Tilesiue.)  Th( 
gensral  lumiuosity  of  the  sea  is  produced  by  various  animals,  but  moil 
©«pec5ftlly  by  small  cniotacea  whose  light  is  of  a  sparkling  character,  bj 
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aad  great  numbers  of  small  Meduate.     "When  sea-water  of  tlus 

latun  is  61t^reii,  the  luminous  matter  remsiqa  on  tlie  filter.  (Sparmann, 

Tilesius.)     Water  taken  out  of  the  brightly-sliiiiing  sea  near  Martinique 

«TC  no  liglit  when  at  reatj  od  blowing  upon  it,  tfiiinll  bodies  croaaed  the 

1  uquid  !□  all  directions,  shining  the  brighter  the  more  etrongly  the  surface 
WK»  blown  upon.     When  stirred,  the  water  liecamc  luuiinona  throughout: 

<oo  being  warmed  to  33'  C.  it  also  became  brightly  phosphorescent;  but 
wben  further  heated  to  43'^,  its  luminiisity  was  completely  destroyed. 
HTdroebloric,  sulphuric,  and  nitric  aoid,  ainmoaia,  carbonate  of  potash, 
»ad  alcuhol  likewise  produced  a  sudden  and  gonorally  evanescent  light. 
The  water  after  passing  through  a  filter  could  no  longer  be  rendered 

ilamiuoQs:  there  remained  on  the  filter  a  number  of  email  animala  dia- 

.cemible  by  the  microscope^  and  consisting  of  a  globule  having  a  yellow 

[spot  and  a  tall,  which  they  moved  with  great  rapidity.  (Artaud.) — More- 
orer,  the  pboepboresccnce  of  the  sea  is  probiibly  often  produced  by  the 
lumioous  putrefaction  of  marine  animala,  by  insolation  (as  appears  to  be 
tbe  case  from  an  experiment  of  Hellwig),  and  by  electricity,  as  supposed 
by  Riviere,  Le  Gcutil,  and  BajoD. 

Inatanees  have  been  known,  of  men  wbose  perspiration  is  adhcHivo 
and  phosphorescent,  so  that  the  phospUoresconcB  is  communicated  to  thoir 
linen  ;  the  smell  of  this  perspiration,  tu  the  caee  of  an  individuiil  of  gouty 

I  diathesis,  iu  whom  the  perspiration  broke  out  after  violent  dancing,  wna 
orinoua  and  aonr  (Henkel,  Crdl.  jV.  Chem.  Arc&iv.  2,  291);  in  another  it 
bad  a  peculiar  phosphoric  odour.  (Horuistatlt,  Metgnt.  naturf.  F.  2,  248.) 
Hor«««  in  the  sweating  condition  sometimes  emit  light.  Percy  eaw  the 
wounds  on  a  soldier's)  thigh  continue  phosjihoresccut  for  fourteen  days; 
over  the  Wounds  of  another,  he  saw  a  light  like  an  ignis  fatuiia  hover  for 
oix  doya.  More  frerjuontly  human  urine  just  voided  exhibits  phospho- 
rescence, (Jurine,  Driessen,  Gilb.  49,  291;  AS,  262.) — Esuer  {Kastn, 
Arcftiv.  8,  414)  saw  the  urine  which  he  voided  against  the  wall,  when 
tired  after  a  walk,  eshibit  pLoBphorcscence;  the  wall  shone  for  half  a 
minute  as  if  it  had  been  Bniearcd  with  phosphorus:  the  uriuo  diacharged 
two  houra  later  was  not  phosphoreaccnt.  The  urine  of  Fiverra  Pulonus 
and  MtpkUis  is  likewise  said  to  be  luminous  at  the  moment  at  which 
tfaeee  ftaiuiak  void  it.  (F.  D'Azoru,  LangsdorfT.)     Tbo  luminosity  of  the 

lejM  of  animala  is  due  merely  to  reflected  light.  {Esser,  Kastn.  Arckiv. 
9,  399.) 

II.  Phosphorticmce  of  Living  FlanU. 

t.  Sudden  emistion  of  Light. 

A  sudden  flashing  light  ts  often  emitted,  on  fine  summer  evenings,  a 
little  aftor  sunset,  by  certain  yellow  flowers. 

Such  ta  tlio  case  with  Tropaeohtm  inajm,  Tageia  paixtla  and  erecta, 
CaJrnduia  offiiinalU,  Jlelmtithut  annutu,  LUium  inUhtftrum  and  Ciialce, 
donicum,  tolyanthcs  iuberosa,  Oenothera  biennis  and  O'orteria  riitgeti*: 
likowi«e  Papaver  ortentale.  (Elia.  Linne,  Abhandl.  d.  Sckwed.  Akad.  24, 
291. — Hairgren,  N.  Ablutndl.  d.  ScAwed.  Akad.  &,  59. — Johnson,  Schiv. 
31,  36i. — Pursch,  Flor.  Arn^r,  Septenir,  I,  261.— Green,  /,  Pkartn.  18, 
256.)  Of  tbo«e,  Cataidtda  omits  the  strongest  light;  tten  follows  Tra- 
paeoium,  then  Lilium  hulhiferuni  and  Tagftee  paiula,  then  iltlinnt/iru 
sod  Garteria,  The  same  flower  often  gives  out  repeated  flashes  at  inter- 
rali  ol  serenJ  minutes.     This  light  is  ondoubtedly  electrical,  perhaps 
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pnxJnccid  by  the  baretlng  of  ihe  pollen  ^nules  at  the  moment  of  frweti- 

ficatioii,  (Zavadsky.)     fngcnhouss,  Senchicr,  and  Saussnre- never  obeer^-eq 
this  luniinouit  apptaraiice  in  Tt^ipo<vtiiin  ntajiis;  iioitlier  POtilJ  L.  Trevl* 
ranuM  discover  it  In  Tivjrtfs  and  other  flowers;  lienLC  In*  regarJg  the  plic 
iiomenou  aa  a  mere  ilhision  produced  by  tho  ycHow  culour  of  tlie  fiowera,! 
which  at  night  givo3  tliem  an  appearance  of  jicouliar  hrig'htnc!'s. 

Of  ft  diflerent  nature  from  this  is  the  flame  observed  by  Ingenhousa,J 
Borlhitlonj  and  WiUdenow  aToiiud  the  flowere  of  Diciamnui  albtu  on  th< 
appronch  of  a  lighted  candle — an  appearance  however  which  Schraiik,^ 
Th.    Saussure,    Sprengel,  and    Treviranua  were  never  (ihlo  to  discover, 
Biot  (Ann.  C/»ini.  Pfn/a.  50,  3S6)  attributes  this  flame  to  the  combustion 
of  a  volatile  oil  contained  in  the  cells  of  the  flower-stalks. 


2.  Steady  PfiotpJtot'Mcence. 

Some  plants  emit  in  the  dark  a  faint  continuons  light,  probably  re- 
Bultinp  from  tho  formaiion  of  some  Biihstancc  iprhich  harns  and  emita 
light  at  ordinary  temperatures,  and  consists,  not  of  pho.«i)horns,  but  more 
prohabiy  of  a  compound  containing  carbon  and  hydrogen, 

Tlic' leaves  of  Phytolacea  decandra  have  been  observed  to  abiiie  tl 
September  from  9  till  12  o'clock  at  night,  sometimca  with  bluifh  green 
sometimes  with  yellowish  green  light,  accordingly  as  the  current  of  ai 
was  stronger  or  weaker:  they  also  remained  luminous  after  being  wipe<J,' 
(K.  V.  Szitts  J.  Tr.  S,  2,  51.) 

The  acrid,  milky  juice  of  Cj/hj  </r  C^matiam  (a  plant  growing  in  Braxtl 
and  probably  belonging  to  the  geuus  Euphorbia)  emits  light  for  sevenJ 
£ccnnds  when  it  flows  from  a  wound  in  the  jdant.  (Moriiay,  Gilb.  59j^t 
367.)  W 

/ihi:nmorji/in  xiihlerrnnfii$lf^!lalaam\(it'dn!fa,  which  grow  in  mines,  emit 
light  from  (heir  wliiile  gurfacCB,  hut  eepeejally  from  the  whitish  prowiag 
points.  Tiio  luuiinoMty  in  brighter  iu  young  jihinta  than  in  old  ones; 
brighter  also  when  they  grow  iu  w.nrm,  damp  parts  of  the  mine  than  it 
dry,  cold  situations;  it  is  also  incrcast'd  when  the  plants  are  heated 
40"  C.  Rhiiomorphs  shine  more  brightly  in  oxygen  gas  than  in  conitnoi) 
air.  When  1  hey  sire  immersed  in  this  gas,  together  with  a  little  wat^f 
they  often  continue  Itiminous  for  nine  days;  and  the  oxygen  gas  is  the 
foiiud  to  be  nearly  cuneumed  and  converted  into  a  somewhat  emalk 
volume  of  carbonic  acid.  When  tlie^e  plants  in  tho  moi^t  gtate  hava 
ceased  to  shine  in  the  air,  their  luminoaity  cannot  he  restored  1>y  electric 
sparks  or  by  oxygen  gas;  but  it  may  often  be  restored  by  moistening 
tlic  plant,  when  its  ceasattun  has  been  caused  by  dryness.  Tho  phe 
phorcscence  ceases  in  vacuo,  hut  reappears  when  the  air  is  adniitt 
even  if  the  plant  has  remained  in  the  vacuum  for  two  hours.  The  plaii| 
likewiee  ceases  to  ehinc  when  placed  in  nitrogen  ga«,  but  regaina  it 
luminosity  on  being  hrouglit  out  into  the  air.  In  LydrogeUj,  carboniQj 
oxide,  or  chlorine  gas,  on  tho  contrary,  it  loses  its  Inraiiiosity  for  ever, 
that  BO  light  is  emitted  even  when  tho  plant  is  afterwards  immersed  in 
oxvgen  pis.  (Bischof:  ('omp.  .sWiir.  44,  05;  also  Laroche,  Verfi.  d.  C*». 
naturf.  Fr.     Berlin,  1K24,  1.  22.) 

Rhhnmorpha  pinttala  haa  been  ECcn  by  Pricsleben  to  emit  liglit> 

According  to  Liniia'U!!i,  light  is  emitted  by  Bt/Mtts  pko»ph«rftt  (L)  ©r 
Dtwaiium  violaixum.    Pers. 

According  to  Funk  and  Brandenburg,  SfhiifoH^a  otmfnida«ea,  % 
plant  which  grows  in  caverns,  i^  phosphorescent,     TbU  i»  Bup|io&ed  bj 
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JVdO  Esenbeck  to  Ite  the  sanio  tnosa  wliich  Gilbert  (Glib.  30,  242)  saw 
"  mr  with  an  otueraltl-green  coloureil  lig^lit  in  a  caveru  in  tbe  Hartz. 
AccorJitig  to  Ducluzeau,  many  confcrvte  growing  near  Mcmtpelier 
>  pliusplioresceat. 

(6.)  Pluispboreacence  of  Putrefying  Organic  Bodies. 

Many  organic  bodice  emit  light  after  dcatb,  sometimes  before  the 
niacijceiiient  of  actual  patrefaetioo,  aoiuetiiiics  simultaneously  with  it. 

I.  Pfui$pho>rtKfMe  qf  JPutrtfyififf  AnimaU. 

At  a  ccrtutn  temperature,  and  in  contact  with  mobtnre  and  oxygon 
ieeorapijsition  appars  to  arise  in  nmtiy  dead  atiitnnJa,  especially  in 
bcfortj  the  commeQC^iiient  of  actual  putrefaction,— produciag  a. 
Bubetancc,  whose  conalitueiitH  are  capable  of  buruing  in  the 
[lest  quantity  of  oxygen,  with  a  feeble  light  and  scarcely  perceptible 
fllfjpiueut  of  heat : — or  may  it  nc»t  be  euppoBed  that  the  decomposition 
i<  :ittf.*tided  by  the  praductiua  of  luminiiue  infu^uriat 

Human  corpses  are  very  rarely  phospboredceiit.     Of  a  body  received 

OB  the  1  lib  of  February  and  dissected,  one  of  the  lovcer  extremities,  which 

wumined  over,  begun  to  exhibit  phospboresceiice  on  the  3rd  of  March.     A 

itcMul  body  broaght  into  the  eame  diawcting-rooin  on  the  3th  of  March 

'■I ■•■>:.<»  appeared  luminous  after  a  few  days,  first  on  the  external  and 

1  surface  of  the  thorax,  then  on  the  abdomen,  bones,  tendons,  and 

inea,  more  faintly  on  the  muscles,  not  at  all  on  the  viscera  of  the 

A  portion  of  this  second  body  laid  upon  a  third  rendered  this 

'IV,  jiliuBphorescent    in    two  dayis,  as    if  by  contagion.     The  luminous 

inmtor  wliich  appeared  to  be  of  an  oily  nature,  could  bc'  removed  in  many 

^v  the  finger,  on  which  it  continued  to  shine.     Placed  under  the 

■pe,  it  illuminated  the  whole  field  of  view,  and  appeared  to  be  in 

like    gamboge    touched  with   water;    but    no  animalcules  were 

ixcepting  a  minute  Vibrio,  eucli  a.s  is  often  observed  in  macerated 

The  luminous  substance  continued  to  shine  brightly  in  oxygen, 

c  oxide,  phoephurettod  hydrogen,  and  nitrogen  gas — more  faintly  ia 

id — also  witli  variou.s  degrees  of  brightnesa  under  water,  milk 

■1o«rt  its  phosphorescent  power  iu  a  vacuum,  but  recovered  it  when 

wna  rc-aiimittedj^-and  was  finally  extinguished   in   (sulphuretted 

jcn    and    chlorine   gas,    hot  air,    boiling  water  and   atcohol.     (A. 

HBd  Applelon.) 

Phosphorcseciico  has  likewise   been  observed  in  the  flesh  of  oxen, 

|re«,  welbcrTj,  laiiibs,  pigs,  fowls,  eaglca,  ewallowa,  and  serpentd  (Fabr. 

ptjnilente,  Boyle,   Heftlc):  in   the  case   of  ox-flcsli,  the  phospho- 

ice  cea^jed   when   actual    putrefaction   set   iit.     (Bartholinug.)     At 

in  J780,  all  the  meat  in  a  butcher's  shop  became  pliosphoreecont. 

in  Octoljcr,  three  <lays  old,  cut  up  and  beaten  soft,  but  not  yet 

omitted  at  a  temperature  between  12''  and  IS"  C.  a  white  light 

pboruB — was  covered  with  a  glutinous  substance — imparted  its 

property  to  the  fingers  for  a  short  time — continued  to  ehino  2i 

. .  later,  at  wlitcli  time  it  began  to  am^U  badly — and  oven  retained  it^ 

iij»<»sity.  though  feebly  and  only  in  particular  placCiS,  after  4H  houra, 

I)  the  Bl»?nch  was  much  more  powerful.    {Huchner.)^ — Hen'aegge  hav^e 

on  one  Oi::«i9ion,  been  seen  to  emit  light  when  opened. 

[alnie  produced  phosphorescence  in  some  very  young  tadpoles  by 

erviDg   them  in  a   solution  of  common  salt  and  siJphate  of  soda. 
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Fboephoreseence  is  also  exliibited  by  Sfpia  o^Hnalit,  ZoIiffOt  aod  o 
ep^ios  (in  Sepia  of.,  acccrJing  to  Spallab2ii&i,  the  light  does  not  attar 
ita  greuteet  intensity  till  putrefaclion  is  comjiletely  set  up); — according  l 
Leiicfca.rl,  by  dead  Apli/^itf,   various  spociea  of  Doris  and   ttoluthnrta/ 
accnriling   to  Tiedcniann,  by  dead  s*a-itiirs;  according  to  Redi,    by  a 
Tfi/ni'i;  B'TCordiiig  to  Rcdi,  SpaDstni'^iii  and  Tjlesiua  by  mwJusns  24  Loir* 
nfter  death;  and  according  to  an  obscrratiou  of  Leo  AllatltiB,  by  the  refi. 
of  dead  crabs. 

Luniinosity  is  most  readily  exhibited  by  eca-fish,  vii.  Squahis  Spintuel 
and  PrUtis/  Tetrodon  Mola;  Murama  Helena;  Gad-M  Acfjlrfintu; 
Mothua  Merlanr/us  n.nd  vir^ns;  CorvphaenQ  I/ipptirus,-  Coltut  ii<:orpiutl 
and  eatapftraetvs;  Plfuroncdea  Pltitesm;  Scomber  Scomber  and  Pelamis; 
Perca  marina;  Triffla  volitant;  C^upea  Harevgas;  Salmo  Solar  aod 
Tntfia.  FK-sbwatet  fisb  may,  with  some  difficulty,  be  made  to  emiti 
]i;j;ht,  by  rubbing  tbern  with  salt  and  laying  tbem  in  a  moderately  wamtj 
place,  Heinrich,  after  many  fruiilesa  attempts,  succeeded  by  tbiB  p 
in  making  the  Egox  luciu-s  emit  a  very  beautiful  lightj,  and  the  SUurui 
Gtanit  a  faint  light, 

Phosphorcaccnce  shows  itself  in  a  day  or  two  after  the  death,  of  the 
Ash,  provided  tliey  are  kept,  neither  boiled  nor  salted,  in  a  moist  condition, 
at  a  temperature  of  about  12"  to  18°  C.  and  in  contact  with  air  or  oxygen 
gas.  On  the  contrary,  no  phosphorescence  is  produced  either  in  carboaio 
acid  or  aulphureltcd  hydrogen  gas,  or  again  when  the  fish  are  kept  from 
contact  of  air  by  piicking — in  which  case  they  may  in  winter  be  oroilgbt 
to  the  phosphorescent  state  by  cxpoEure  to  the  air  after  they  have  been 
kept  for  fourteen  days ;  ft.  p.  SheU-fiiih.     (Henrich.) 

Phoepboresccnce  begins  at  the  head  of  the  fish,  particularly  abotit  the 
eyes,  then  extends  to  the  bellyj  aud  lastly  to  tlie  tail,  (Martin,  Schuftd. 
AbhandL  23,  224,)  According  to  Deseaiguee,  the  luminosity  is  most  coa- 
Bpiojous  on  the  aponcurosoB,  liganic»ta,  capsules,  and  milts, — in  short  on  the 
gelatinous  part8,  not  on  those  of  muecnlar  structure.  The  internal  parts  do 
not  emit  light  till  they  have  been  exposed  to  the  air  for  a  time.  Some- 
times there  ex^udes  from  the  animals  a  glutinous  liquid,  which  is  at  first 
clear,  but  afterwaKls  becomes  thick  and  turbid,  and  then  luniinons. 
(Dessaignes.)  This  luminous  slimo  may  be  spread  upon  the  fingera  and 
other  foreign  bodies.  Hulme  made  a  luminous  solution  of  this  substatiM 
iu  fresh  wnter,  scii-water,  or  a  dilute  Botution  of  eommon  salt,  Glauber's 
salt,  or  sulphate  of  magnesia,  by  immersing  the  flesh  of  herrings  or 
whitings  in  these  liquids;  after  three  days  a  luminous  ring  formed  on  the 
surface;  when  agitated,  the  whole  mass  of  lii^uid  became  phospbot«90oat, 
and  often  continued  so  for  several  days. 

According  to  Hulme,  no  rise  of  temperaturo  is  observable  dnring  tbo 
phosphorescence.  According  to  Dessaignes,  the  phenumenoa  is  accom- 
panied by  formation  of  carbonic  acid  iu  the  air. 

A  freessiug  temperaturp  interrnpt^  the  phosphorescence ;  a  slight  t\m 
of  temperature  increases  it;  a  boiling  heat  destroys  it  forever.  (Hulrne.) 
— Abstraction  of  water  destroys  the  luminosity  of  the  fish;  e.g.  if  it  be 
aiupended  in  a  vessel  containing  quick  lime.  (Deesaignes.)  The  action 
of  saturated  solutions  of  various  salts,  alkalis,  solphuret  of  pota^um, 
Bcids,  alcohol,  and  ether  may  perhaps  be  similar;  nevertholesSj  their  light- 
destroying  power  may  also  proceed  from  another  cause — eince  dilute  acids, 
even  carbonic  and  hydjosulphuric  acid,  and  likewise  lime-water,  destroy 
the  phosphoroscence.  (Hulme.)  The  luminosity  is  increased  in  tntcnsity, 
but  shortened  in  duration,  by  dilute  folutionji  of  common  salt,  Otanbpr'^ 
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t,  pbosphate  of  soda,  sulphate  of  magnesia,  nitre,  eag&v,  and  honey, 
(Halme.)  According  to  Hulme,  n.  luminous  Rsh  diminishes  iu  brightnetfl 
wLea  placed  in  a  vacuum ;  according  to  Dessaignes,  it  ceaaeB  to  shine  in 
racuo,  btif  regains  its  luminosilj  when  the  air  ia  re-adinitted.  In 
nilrogon,  hydrogen,  cnrbotiic  acid,  and  sulphuretted  hydrogen  gas,  the 
fich  cciQtInues  to  Rhine  for  a.  .sliort  time  only.  (Dessaigueri,  Hulme.)  In 
hoilc?d  wat«r  or  sea-water,  it  soon,  ceases  ^  shine  when  the  air  is  kept 
from  it ;  but  if  air-bubbles  mtiko  their  appearance,  th*;  phoBplioreacence 
jie-appcars,  and  continoee  for  a  time  proportionate  to  the  quantity  of  air 
present,  In  ordinary  fat  oil,  the  fish  continues  to  ^hinc  for  24  hours:  but 
if  tbe  oil  has  been  boiled,  the  light  ceases  as  soon  as  the  fish  is  put  into 
it.     (Desinigjies.) 

The  fifih,  when  left  to  itself,  eoniinoes  phoapboTeacent  for  some  days 
until  fetid  putrefaction  ensues,  and  then  the  light  disappears, 

2,  Phoiphom«nc€  of  Putrefifing  Plants. 

The  eojnplete  decay  of  the  various  parts  of  a  plant  is  also — ^wben  the 
temperature  ia  moderate,  and  moisture  aiid  a  small  qnantity  of  air  are 
present — at  times  accompanied  by  a  peculiar  decomposition,  resulting 
in  the  development  of  a  siibataoce  which,  like  phosphorus,  bums  at 
ordinary  temperatures,  producing  light  and  a  small  cjuantity  of  heat. 
Nevertheless,  this  substance  cannot  bo  phosphorus  (especially  in  wood 
which  does  not  contain  that  element),  but  must  rather  be  considered  as  a 
peculiar,  and  easily  combiistible  compound  of  carboL,  hydrogen,  and 
oxygen,  resulting  from  the  decomposition  of  the  original  proximate  eon- 
atituents  of  the  plant. 

The  phosphorescence  is  chiefly  conepionous  iti  wood,  as  well  in  that  of 
tte  root,  aa  in  that  of  the  stem  and  branches.  The  phosphorescence  has 
bei^n  obBcrved  in  tbe  wood  of  Qneraa  Robur;  Fagns  Oaxtanfa  and  syl- 
vatiea;  Betula  alba  and  Alntis;  Corylui  Avdlana  ;  Pinns  Abtet,  Strolnis, 
pieta  and  Bylvesti-is ;  Jufflans  regin;  and  some  species  of  willow. 

The  decomposition  of  the  wood  must  take  place  in  a  situation  where 
but  a  moderate  quantity  of  moisture  ia  present,  and  the  air  is  almost 
«xclnded,  in  whiHi  case,  the  wood  will  remain  white;  when  there  is  much 
moisture  and  free  access  of  air,  it  ia  reduced  to  a  brown  pulverulent 
vatxa  which  is  not  luminous.  Phosphorescent  wood  is  often  but  little  de- 
fompused,  and  retains  a  great  deal  of  its  hardness.  (Heinrich.)  John 
{iithw.  14,  415)  saw  light  einitteil  by  splinters  of  wood  from  a  newly 
felled  piiie.  Old  wooden  pipes  often  exhibit  phosphorescence  when  taken 
oat  of  the  ground.  When  roots,  whicfi  have  been  dead  for  some  years, 
ate  taken  out  of  the  earth  and  kept  in  a  moderately  damp  place,  they 
often  become  phosphorescent  after  a  few  A-xyti.  (Heinrich. )^ — Aecorrling  to 
Dc»«saigncs,  the  phosphorescence  ceases  wUcd  tbo  temperature  fails  to 
+  6""  C  (42-8"  Fah.);  according  to  Heinrich,  it  shows  itself  even  at  0^  0. 
f&inter  indeed,  but  more  durable,  continuing  for  more  than  fifteen  days. 
By  boiling  water  it  ia  irrecoverably  destroyed.  Wood  heated  iu  the  air 
1*1  the  boiling  point  of  water  recovers  its  lurainoaity  by  immersion  in  cold 
water.    (Heinrich.)    Wood  loses  its  phosphorescent  properties  by  drying; 

lod  which  when   exposed  to  the  oir  ceases  to  emit  light  after  two  or 
days,  remains  luminous  for  fourteen  days  when  wrapped  up  tn  moist 

atting' paper  (Heinrich).  In  a  vessel  containing  <juick-lime  it  soon 
ccues  to  shine  (IJcifsaigiies);  but  by  luodcrately  wetting  it,  the  phn*- 

00 


ccnce  may  to  a  certain  exteat  bo  restored. 
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Wood  tloea  not  shine  for  a  longer  time  or  with  grealar  intensitjr 
oxyea  gas  than  in  couimou  a.ir  ^Hcloricb,  Dessaignes);  a<:cording  to  BOc! 
man  and  Giirlner,  it  does  not  ehin©  more  brightly  bat  longer;  according 
Spallanzani,  it  sluines  with  greater  brightness.     According  to  Deasaign' 
the  phofphoresMnce  is  liriglitcr,  but  of  shorter  duration   in  comui 
air.     The  same  obeerver  found  thnt  the  phospLorearence  gradually  dli 
away  in  a.  vacuum.     Heinrich  could  not  produce  any  decrea;se  of  lami 
»itj  by  rarefying  the  air.     In  nitrogen,  hydrogen,  and  pbosphnretted  h; 
drog@n  gojs,  tlie  wood  remaius  luminoua  for  only  a  few  hour«,  and 
according-  to  Spallanzsvni,   recovers  ita  luminosity  on  the  re-adtnissioa 
common  air;  iti  fluoride  of  silicon,  chloriue,  auimouia,  hydrochloric 
carbonic  acid,  and  sulphuretted  hydrogen  ga«,  its  phosphorescence 
a  few  minutes,  and  cannot  he  wholly  restored  by  contact  of  air. 
ninnn,  Gartner,  Heiurich.)— In  unboiled  ivater,  fkt  oil,  and  mercury,  t' 
phosplioresccDce   ceases  after  an  interval   varying  from   G  to  24  hom 
sooner  in  nkoUol,  ether,  boiled  oil,  linic-watcr,  solution  of  sulphuret 
potassinm,  dilute  acids,  and  saline  solutions;  inrtautly  in  sulphuric  aci 
Saturn  tod  eolutions  of  :$al-ammguiac,  nitre,  and  common  salt,  produce 
first  an  increase  of  ltimin<iaity.   (GiCrtuer,  Heinrich,  Dessaignes.) 

The  phoaphoi*escence  of  wood  in  air  or  oxygen  gas  in  attended  vn\ 
consuniptton  of  oxygen  and  production  of  carbonic  acid  without  perceptiti 
diminution  of  volume.  { De&saignes.)  Air  pumped  out  of  decaying  wtj 
contains  a  little  oxygen  with  a  great  deal  of  carbonic  acid  gas.  (D' 
BUgnes.)  Hence  may  be  expUiined  the  fact  that  wood  continues  to  fm 
light,  even  in  media  which  contain  no  oxygen,  provided  they  do  not  «i« 
a  destructive  action  on  the  phosphoresceut  matter. 

Potatoes  kept  in  a  cellar  til!  they  began  to  germinate,  were,  in  oi 
iostance,  observed  to  emit  light  nn  being  cut  open,  (J.  I'hifs.  33,  22 
also  Gfeii.  J.  J.  rhtjs.  2,  420.) — Kortum  (Voigt,n.  Nag.  2,  G7)  freqoen 
observed  phosphorescence  in  valerian  roots  white  yet  tolerably  fresb.- 
Fresh  tormentdla  roots  gathered  in  August  have  been  eeen  to  eDtit  ligli 
particularly  un  those  parts  where  the  huit  year's  nodosities  were  situate 
\BerL  Jahrh.  1,  174.) — Likewise  gourds,  mushrooms,  and  turf  are  said 
be  sonietimea  jihosphorcscent. 

Gcibel  {Svhw.  40,  257)  allowed  some raspherrv  juice  mixed  with  sugi 
to  ferment  in  a  cask,  into  the  bung-hole  of  which  waa  inserted  a  gla4 
tube  1  inch  wide  and  3  feet  long,  filled  with  the  same  juice,  so  that  tb 
carbonic  acid  giis  developed  by  the  fermentation  was  compelled  to  eecafi 
thronah  the  tube.  The  bubbles  of  gas  which  thus  ascended  continued 
exhibit  phosj)hore9cencc  fur  njore  thfin  an  hour.  The  light  of  the  bu 
bles  was  strongest  just  a^  they  passed  from  the  cask  into  the  tube^  dim 
Bished  in  intensity  as  they  ascended,  and  disappeared  completely  wli 
they  came  in  contact  with  the  air.  When  the  gaa  was  collected  h 
means  of  a  gas-delivery  tube  adapted  to  the  tube  above  mentioned,  it  w: 
no  lunger  phosphorescent,  hnd  no  ^luell,  and  exhibited  with  ammonia  th 
reaction  of  pure  carbonic  aci<l.  (Gobel  and  Schwuigger  suggest  that  tb 
development  of  light  in  tbi-*  experiment  may  be  due  to  electricity:  but 
!£  jKissible  that  the  carbonic  acid  gas  may  have  been  mixed  with  a  vc: 
email  ipiantity  of  a  volatile  and  combustible  ori.'anic  matter  produci 
by  the  fermetitatton,  and  that  this  aubstance  may  have  been  burnt  wilJ 
development  of  light,  by  combining  with  the  oxygen  of  the  air  probablj 
hold  in  solution  by  the  juice  of  the  tube,  beTure  the  bubbles  reached  tli 
top  (A  the  tube.) 
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jB.   Devtlt^nneni  of  Light  uimec&mpanied  hff  any  alteration  in  (he  Petv- 
drrabU  Matter  of  Boditi. 

a.     Development  of  flight  after  exposure  to  Light. 

A  great  number  of  bodies  liavu  the  property  of  shining  in  tUo  Jark 
when  tliey  Lave  previously  been  exposed  tn  light:  such  bodies  are  said  to 
fTi,,t,.<  pho!sj)horesceiice  by  Intoialwn  or  Irradiatkm,  The  cause  of  Ibia 
ir'tion  is  jiroiiably  that  tlie  bodies,  by  being  exposed  to  light,  absorb 
■>  i'uiiic>n  of  it  uaultcrcii  into  theii*  aubstatice  by  arlhcsinn,  and  «ub86- 
ijMntlv  give  it  nut  in  a  d;irk  placu,— because  there  the  effort  of  the  light 
tc diffuse  ilsclf  uniformly  through  the  gpace  devoid  of  light  ovorcomea 
Iti adhesion  to  the  ponderable  mutter. 

Fkorpht/ri  hif  IrrwHatiun,  Light-ul.iio>-hrvi,  Light-mngnetx,  are  trans- 
(weut  or  ojiaiiuc,  colourless  or  slightly  coloured,  but  never  black 
mWlaiices. 

The  best  j'hosphori  by  Irradiation  arc  the  following :  Diamond  (some 
iliMttoiitIo  fKtwever  liave  no  phosphorescence.)    {He'mri<^Ju) 

fi'mnonirin  Phoiphortis.  (1.)  A  paste  nmtle  of  gum  tragacanth  and 
powilwed  heavy  spar  froe  from  iron  and  dried,  ts  placed  in  layers  between 
Wialt  coals  in  a  winJ-furnaco  (or  in  a  crucible, —  Wach)  ignited  for  an 
hoar,  and  transferred  while  yet  warm  into  well  atopped  glasa  vessels, 
(John )  3  or  4  per  ecnl  of  magnesia  mixed  with  the  powdered  heavy 
•pw  improves  the  jibosjthorcscenee  considerably.  (^V'ach.)  (2.)  Osana 
p!i»«(.'3  hyilrogen  gas  over  sulpliate  of  haryta  heated  to  redness  in  a  tube. 
(■'•1  l'»5;nerre  fillsaitiarrow-bone,  :us  tliiek  as  eaii  he  procured,  freed  from 
"1  and  dried,  with  heavy  .«par  pounded  in  a  uon-niotallic  mortar — lutea 
*~ind08ea  it  in  a  tithe  of  iron-phite  or  cast-iron — eurrounda  and  covers  it 
Wtnpletcly  with  fire-cbty— exposes  the  wliole  to  a  red  heat  in  the  furnace  for 
*'  Ifari  three  hours, — then  removes  the  day  from  the  hone  (which  should 
'"'  *liite  after  cooling, — a  ^^Tcy  colour  would  show  that  it  had  uot  been 
'"»l(v|  l(jiig  enoDj^h),  breaks  it  up  on  puper— and  preserves  the  white  or 
Ni'  yellow  phosphorus  thus  obtained,  If  it  bo  heated  once  or  twice 
'Doru  in  a  frtiah  linno,  its  phospboreycent  properties  will  be  greatly  in- 
'fisised.  The  aulphate  of  baryta  used  must  bo  perfectly  free  from  iron 
*«d  olhcr  h«ivy  mctiils. 

iSUr/utian  Phonph'inis  mny  be  prepared  in  a  similar  manner  (])  from 
•^Ir.stin  fjohn):  its  Inminosity  may  be  s^reatly  increased  by  the  addition 
*f  J  or  4  per  cent,  of  magnesia  to  the  powdered  ccelestin. 

Canton  t  Poajf/mriit.  (I.)  Cautou  exposes  a  mixture  of  3  parta  of 
tifted  and  calcined  oyBtcr-Hhella  and  1  part  of  flowers  of  sulphur  to  a 
Mroni;  fire  for  an  hour.  (2.)  Grotthuss  places  oyster-Bliellss — which  have 
lnTn  iirevionsly  cleaned  and  ignited  by  themHolvea  for  half  an  hour — in 
alternate  hiyera  with  pounded  aulpbur  in  a  crucible,  the  inner  surfaces  of 
lite  *hell»  beinjj  tnrood  dowuwarcls, — and  bcata  the  crucible  in  a  wind- 
furiiace  for  at  lea«t  an  hour.  The  oyster-ehells  must  be  previously  well 
fjurtit  »(»  ati  to  remove  all  dark  spot*,  and  their  inner  surfaces  must  be 
cleaned  from  adhcrtnj;  a«hca  with  a  soft  brueU  which  will  not  injure 
tlieni.  The  pbuspburus  is  more  luminous  when  the  burnt  oyster-shells 
an-  lieated  witli  aultdmr  in  their  entire  state  than  when  they  are  pounded, 
51  riilion  for  hall'  an   hour  in  contact  with  sulphur  is  generally 

H'\  rit:  niore  powerfid  and  longer-sustained  ignition  produces  a 

l>Lu-phot  U.-S  which  is  but  faintly  luminous.     Pure  Utne  heated  with  aul- 
ruL.  I.  0 
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phur  yields  a  mneh  weaker  phospboms  than  that  prodaced  from  oyster- 
sUeils,  becanse  tbe  IbUlt  conUin  a  little  ma^rnesia.  (Wach.)  (3.)  De«- 
saignes  ryrnites  gyj>snm  miied  with  flour- 

Osatm's  Fhosphori. — a,  Jnlimoniat  PhosphgruM :  Formed  by  pUdng 
cleaned  and  ignited  oyster-abella  id  alternate  layers  with  finely  pouaded 
sulpburet  of  antimony  in  a  well  coTercd  crucible,  and  beating  the  niixturei 
for  aa  liour  :  after   cooling,   tbe  white  pieces  aro  to  be  picked  out, 
yellow  untl  black  ones  thrown  away, — i.  Btaigar  FkoaphoTus:  The 
mode  of  preparulifin,  but  ustug  realgar  instead  of  suliiburet  of  antimony, 
e.  Arsttiicid  PhntpUorm:  A  paste  formeJ  of  neutral  araeniate  of  baiyta 
and  ^iim  tragacaDtb  is  dried  EUid  iguiteil  fur  half  an  boor  between  ooali 
or  ou  an  earthenware  support;  it  has  a  greyish  yellow  colour. — rf,  BamM 
oyster-sbella  treated  as  in  a  with  orpiment  instead  of  sulpburet  of  anti«i 
mouy,   or — t    with  mosaic  goItT,    or—/,    with  ctnaabar,   or— ^o.  with,  a 
mixture  of  sulphur  and  tine-blende,  or — h.  witb  arsenions  acid.     Of  alL^ 
tb«ae  phooplioresceat  compounds,  the  moat  luminous  are  a,  b,  andf.  J 

Wnch's  Pk'ifpkori:  a.   Burnt  wyater-BhcUs  tbiuly  sprinkled  with  «oIb-1 
tion  of  artificial  tf?n*ulphuret  of  arsenic,  covered  after  drying  with  pounded 
sulphur,  and  ignited  in  a  covered  crucible,  produce  an  excellent  phospbo- 
rus. — 6.  Tbre«  parts  of  burnt  oyat«r-Bhella  disponed  in  alternate  layers  with 
1  part  of  a  mixture  of  10  parts  of  flowers  of  sulphur  and  1  part  uf  oxide 
of  antimony,  and  moderately  heated  in  a  covered  crucible.  — c.  Similarly 
wiib  oxide  of  line— Ki.  Wilb  oxide  of  cadroimn,— <•  With  peroxide  of  ■ 
tin. — -f.  A  solution  of  arseniate  of  aiitmonta  is   droppe*l   upon  CDlcinedl 
oyster-sbells,  which  are  then  sprinkled  with  sulphur  and  tailed. — Simi- 
larly with   chloride  of  antimony — A.  With   sulphate  of  «nc. — i.  With 
aulphate  of  cadmium. — k.  With  proto-chloride  of  tin. — '.  Good  pboapbori 
are  likewise  obtained  by  igniting'  hypoaulphtte  or  eulpbite  uf  baryta, 
atrontt^,  or  lime,  particularly  hyposulphite  of  lime  mixed  with  0  or  4  per 
cent,  of  magnesia. 

Lastly,  among  good  phosphori  may  be  enumerated :  Homhtry't  Pho»- 
phortii  (chloride  of  calcium,  which  Komberg  formed  by  melting  t  part  of 
saJ-ammoniac  with  2  parts  of  slaked  lime) ;  JSaidwina  Fiuaphortu  (nitrai« 
of  lime  fused  till  the  nitric  acid  begins  to  decompose) ;  many  kinds  of 
iluur-i^par,  as  the  chloropbane  of  Nertachinsk  (Grotthsisui),  and  a  varialjd 
of  Buor-spar  from  Dauuria  {Sc/np.  49,  250);  strontianite;  amgoQjtejl 
caloapar;  marble:  (stalactites;  chalk,  and  sligUtlv-burnt  oyster^sbells. 

Lesa  powerfully  luminous,  according  to  Heinrich,  are:  CiystalUzed 
bora<-ic  acid,  tol-animoniac,  aulpbiit*  of  potash,  nitre,  crystaUiced  cEirl»o- 
nate,  borate,  and  sulphate  of  soda:  rock-i^lt,  witherite,  radiating  beary 
spur  from  Bologna,  mariengla^,  fibrons  gypsnm,  alabaster,  axtificial  $al~ 
phiito  of  lime,  (common  tluor-spar — GrottJtust),  cryatalliied  sulphate  of 
magnesia,  cryslallized  alum,  arsentous  acid,  pharraacolite,  freshly  pire- 
part" d  flowers  of  line,  sul|tliate  of  mercury,  tartar,  benioic  acid,  lloaf-«ugar, 
eugtir  of  uiilk,  bleached  wax,  white  paper  (especially  when  it  has  beea 
heated  almost  to  burning:  yellow  and  red  paper  are  nearly  as  phospbo^ 
resccnt  as  white,  dark  blue  pafier  is  not  at  n.11  so — (^GrotcAuu) ;  egg-shells, 
corals,  «nails,  pearls,  bones,  teeth,  ivory,  leather,  and  skios  of  men  aad 
iwiitiAls. 

The  following  are  phoephoreseent  in  a  tolerably  high  degree:  Tart»rie 
iKjid ;  al»o  seedts,  grain   flour,  starch,  cruoi*  of  brend,  gum-arabic,  feathers, 
cheese,  ylk  uf  e;:;,',  muscular  flo4i,  (endnns,  isinglass,  glue,  horn — all  wellj 
dried;  moreover,  the  allmmum  uf  tn-e-s  bleached  linen,  bleached  cotton- 
yum,  aad  other  bleached  vegetable  fibres. 
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McKleratelj  pliOBplioresoent  are :  Ice,  oxide  of  antitnooy,  salpliate  of 

c,   whilo  lead,  iron    pyrites,  oluia-skte,  baeaJt,  potter'g  clay,  fuller'* 

fa^rk  of  trees,  amber. 

Fe«b1y  luminoue  are:  CcEle^in,  smalt,  mn^etic  iron  ore,  red  ochre, 

ie<l  seeds,  flour,  and  starcb;  also,  according  to  GrotChiias,  blue  carbon 

«  of  copper  (K upftr.lazar),  and  beryl. 

Very  foeblj  and  often  nut  at  all  luTuinoua  are:  Glass,  eitica,  rock- 

astaJ,  aniethyst,  coraeliau,  prase,  heliotrope,  sapphire,  corundum,  chry- 
it<,  Bpiudl,  emerald,  topai^  tounnaiin,  byacinth,  garnet,  nielanito, 
W;il«,  adularia,  common  felspar,  zeolitea  and  otLor  miBeraU;  chloride  of 
tine,  yellow  blende,  wood,  moat  kindj  of  reein  and  gum,  silk^  and  animal 
nitntancet  not  well  dried. 

Tlie  following,  according  to  Heinrich,  exhlhit  no  phosphorescence: 
Water  and  all  other  ]iqDids,6ulphur,  graphite,  all  metals  in  the  free  state, 
Wyta,  strontia,  lime,  apatite,  red  lead,  red  oxide  of  mercory,  fresh  parta 
<if  plants,  unbleached  yarn  of  bcmp  and  flax,  mineral  pitch,  fossil  tar, 
'    '     (.  turf,  chnrcoal.     Moreover,  according  to  Dessatgnca,  all  metallio 
■t^  except  orpiment. 
Aix'ording  to  Besfiaignes,  phoephoresceoee  ia  also  exhibited  by;  Glu- 
eing pbospboiite  from  EEtremadtira,  orpimeut,  flowers  of  eulpburet  of 
y  (tpiestfflam-blumen),    sulphate  and  phosphate  of  lead,  proto^ 
of  tin,  a  mixture  of  peroxide  of  tin  and  oxide  of  lead,  and  imper- 
^(laked  baryta,  atrontta,  and  lime. 
Tbow  bodies  will  not  shine  in  the  dark  nnleas  they  are  first  expo8«d 
ts  lieiit:  even  th«  Bologniiin  and  Canton's  phoaphorus,  which  ore  pre- 
pww  by  ignition,  ilo  nut  ehino  when  left  to  coot  in  the  dark  and  not  first 
ncpo^d  to  light  (John):  neither  do  the  realgar  and  antimonial  phos- 
P-Wi,  tiTen  when  heated  to  If'O"  C,  (Oflann.).     Most  of  these  bodies  re- 
uinto  be  exposed  to  the  direct  rays  of  the  i$un.     The  Cautonian  and 
SolfiyfTDtan  phosphorus,  diamond,  p.ifier,  chlorophane,  sulphate  of  potash 
ind  ronimon  4alt,  are  rendered  luminous  by  reflected  stinlight;  the  five 
»nb»tnncee  first  named,  by  strong  lauip-ligbt;  the  Bononian  phosphorus, 
Osann's  phoephori   a,   b,  c,  by  the  light  of  phosphorus  burning  in 
ygea  gMi.  (Pbosphorus  burning  in  oxygen  gas  under  a  bell-jar  tmiUe^ 
iton'n  phosphorus  but  very  feeldy  luminous,  because  the  light  paxsea 
through  the  gla^s— f .  Becqutrvl,)     I'iio  taet   three  phuspfaari  (not   the 
B<*|ogiiian)  are  also   rendered  phosphorescent   by  the  light  of  sulphur 
burning  in  oxygen  gas,  and  even  by  the  light  of  a  tallow  candle,  placed 
at  the  distance  of  a  foot;  the  antimonial  phosphorus,  likewise  hy  the  light 
of  white-hot  iron  at  the  distance  of  a  foot;  (in  the  last  experiment  th« 

Cho-phorus  wits  placed  in  a  dish  surrounded  with  ice);  burnt  oyster-shells, 
tr  the  light  of  burning  alcohol  impregnated  with  common  salt;  Canton's 
?^o*ph*iriiKi  and  some  dtiimondfi  are  also  rendered  luminous  by  moonlight. 
'Ijr  '  !v  of  the  emitt«?d  light  is  however  always  proportional  to  that 
oi  ■  iiywhit^h  the  pliosphoreacence  has  been  excited.     Bodies  mjiy 

bf   rt'ii'K'ixi   luminous  iiy   irrailiation,  even    wb«n  immersed  ia  water. 
(Heinrich,  Dej«aigfiea,  Oaiinn.) 

Canton's  pboispliorus,  after  being  exposed  to  daylight  for  two  stconds, 
txbibil*    the  greatest   luminosity  when   immersed  in  water;    the  light 
to  bo  sontowhat  fjiiiitcr  when  the  substance  is  freely  exposed  to 
tt;  fainter  again  when  the  light  falls  upon  it  through  a  plate  uf 
al  7  indie's  thick  :  f>lill  fninter  when  it  passes  through   bko 
and  faimcat  of  all  when   the  light  reaches  the  phosphorus  after 
Uiroagh  a  plate  of  white  glaaa  3  miUiiaetree  thick,  or  through  a 
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sheet  of  solid  gelntitie.     When  the  irradiatloa  couttnuea  bvtn  10  to  S9 
aerondB,  the  difference  is  no  longer  perceptible.  (Biot.) 

Of  all  the  coloured  7ays  of  tlio  prism  ibe  violet  (or  tUo  blue  according  1 
to  Grottliuss)  and  the  invieible  rays  beyond  tbe  violet  act  most  power- 
fully  in    producing  phosplioreacence.     'i'hia  power  diminishes   wilh   the 
refrangibiliiy :  ntccording  to  Helnricb,  tbe  red  ray  docs  not  induce  phos- 

fi>borcacence  io  tbe  diamond;  according  toSecbeck  and  Grottbuas,  a  feeble 
uminoeitj  la  induced  by  the  red  ray,  and  according  to  Seebeck,  bv  the 
iuvbible  rays  adjoining  it.  Phosphori  which  have  been  rendered  lumi- 
nous by  colourless  light,  ceaee  to  ehine  nincli  sooner  in  red  light  than  ia 
the  darkj  and  instantaneously  when  exposud  to  red  light  concentrated 
by  a  lenj*.  (Secberk,)  Similar  opposition  of  effects  is  produced  by  light 
which  baa  jnussed  through  coloured  glasspB,  Light  transmitted  thmngb. 
blue  glasii  makes  Canton's  phosphorus  almost  as  luminous  as  colourloatj 
lijflit  concentrated  by  a  lens;  behind  red  glass,  on  the  contrary,  the  phos- 
uhorns  not  only  faiU  to  aoquire  luminosity,  but  ceases  to  ebine  irhes 
previously  irradiated,  much  sooner  than  it  would  if  placed  in  the  dark. 
(Seebcck,)  Oismu's  phosphori  tt,  h,  and  e  beeonie  strongly  phoaphoreseemt 
Under  colourlceis,  vJolct,  aud  blu$  glass,  faintly  under  light  green  and  light 
yellow,  very  faintly  under  orange- coloured,  and  scarcely  or  not  at  nil 
under  red  gla^.  (Osann.)  Calcined  ovster-ahclla  become  strongly  lumi- i 
nous  when  exposed  to  day-light  under  dark  violet  glass  (which  wfaesj 
analysed  by  tbe  prism  appears  to  consist  of  violet,  blue,  and  red),  ver 
faintly  under  bluish  green,  and  scarcely  at  all  under  homogeneous  red! 
glass  coloured  with  suboxide  of  copper.  (Biot  and  E.  Becquere!  )  Bolog- 
niau  pLoapKorus  prepared  according  to  (3),  half  covered  with  a  plate  of 
blue  glass  and  exposed  to  sunlight,  becomes  less  luminous  in  the  direct 
light  of  tbe  Kun  than  under  the  bine  gla,ss.  (Daguerre.)  The  same  result 
therefore  as  that  obtained  by  Seebeck,  It  appears  from  this  that  colonr- 
leiis  light  contains  rays  which  oppose  the  proiluction  of  phospboreaceooe,  jji 
viz.  the  orange^  as  shown  by  Scebeek.  It  is  therefore  tho  chemical  nvyvflj 
of  light  by  which  phos^phorescence  is  produced.  ^| 

Chioropbane,  Canton's,  and  the  Uuuoninn  phosphorus  insolated  at  a 
temperatureof  —  31"C(—  24°  Fah.)  shine  at  +  10°  C.  (50°  Fab.),  longer 
and  with  greater  intensity  than  when  they  have  been  exposed  to  light  At 
+  31''C,  (88^  Fah.)  (Grotthuse).     Phosphori  newly  prepared  by  ignition     i 
and  exposed  to  light  wbiSe  yet  hot  acquire  little  or  no  luminosity ;  it  iofl 
only  when  cool  that  they  arc  susceptible  of  the  influence  of  irradJatioft,«| 
(Osann.)     Canton's   phosphorus  ipsolated  at  temiwratures  from   100*  to 
200  Cj  and   then   taken  immediately  into  a  dark  room  exhibits  but  & 
feeble  light.  (£.  Becquerel.) 

A  merely  momentary  irradiation  produces  phosphorestetice,  tUoHgk 
but  for  a  short  time;  longer  continued  irradiation  does  not  produce 
stronger  or  more  lasting  phusphotescence  than  irradiation  for  10  seeonda 
only.  (Dessaignes,  Heinrich.)  Pulverized  phosphori  exposed  rn  massM 
to  light,  shJTrc  afterwards  oidy  on  the  eurface,  and  when  etirrcd  with  ft 
rod,  exhibit  dark  streaks.  (Osann.) 

Tho  phosphorescence  is  sometimes  so  weak  that  it  can  only  he  per- 
ceived b_5r  an  eye  which  has  been  in  the  dark  for  a  long  time  ;  but  good 
phosphori  often  shine  in  twilight.     Wach's  phosphori  are  visibly  pho«-H 
pburcscent  even  by  daylight,  and  illuminate  a  dark  room,  fl 

The  duration  of  the  pho.ijphorescence  varies  greatly  according  to  th©  ^ 
iiatiire  of  the  body.     Cantons  phosphorus,  after  being  exposed  to  sun- 
shine for  10  seconds,  shines  iut  10  hours  according  to  Dessai^es,  and  for 
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5  4ajM  according  to  Grotthtissj  chloropliano  for  JO  days  aecording  to 
Orotumsa,  and  30  lo  60  minntes  svccortling  tn  Heinricii;  Bol&gnian  pn(»- 
phom*  prppared  by  (3),  for  48  bours  according  to  Daguerre,  ]  hour  ac- 
cordiDjcr  to  Heiorieli,  4  mimitcs  according  to  Opann,  anil  80  seconds 
according  to  Deaaaignes, — realgar  j»hospIiarns  for  some  Lours,  antinionial 
pbit^phorus  for  149  minutes,  arsenical  pUosphonis  for  34  niinutos  (Oisann)^ 
ttianiond  from  5  eeconds  to  an  dour;  common  fluor-spar  from  1  to  30 
oiiniites,  tnoi^t  salts  and  orgiintc  subetanccs  from  6  to  20  seconds,  minerala 
for  A  still  shorter  time.  (Des^aigncs.) 

The  colour  of  the  light  varies  in  an  eqn&l  degree  according  to  the 

tore  of  the  substances.     Most  of  them  emit  a  wliite  light,  diamond  and 

lognian  phoepboriis  a  yellowish  red, — arsenical  phospliorna  a  yellowiah 

I,  when  longer  ignit^^d  a,  reddish  yellow,  and  after  stiil  longer  ignition  a 

colourlees  Jiglt,— Canton's  phosphorus   a  liglit  yellow  rose-red  or  pale 

*»Iet. — pbosphori  from  oyster  s)iclla  and  cinnabar  a  yellow, — RBtinionial 

ipfaoniii  a  light  green,  or,  when  it  ha*«  been  ignited  for  a  long  time,  a 
earless  light,— gjticina  and  chlorophanea  green, — stroutian  phodpliorua 
•  given  or  bluish  light, — realgar  plirjf.phorua  a  blue  light,  ia  some  places 
yellow  and  purple  red,  but  after  strong  ignilion  n  white  light, — pbosphori 
fttMi)  oystfT-.'ihells  and  mosaic  gold  or  blcn<lc  a  bluish, — calcined  oyster* 
«lie)le  a  red  and  in  some  parta  a  pale  blue  light.  Wach'a  phospho- 
nm  a  gives  a  blue,  £  a  white,  c  a,  bright  green,  bluish  in  parte,  d  a  deep 
yellow  and  f  a  white  light;  the  part/*sprinklc<l  with  arseniate  of  amino- 
m%  appenns  of  a  S«ry  red  with  a  green  border  j  that  nioie^tened  with  chlo- 
ride of  antimony  ^,  a  yellowish  red  with  lighter  border;  that  with  white 
vitriol  A,  a  faint  light  with  a  bright  bUitsh  luniinoiia  zone,  that  moistened 
with  «ulphale  of  cadmium  i,  a  bright  ydiow  with  bluish  circumference; 
MmI  that  s-prinkled  with  chloride  of  tin  I;  ehitifs  with  a  faint  yellowish 
light  surronndcd  by  a  Inniinous  border,  fiincc  the  border  generally 
ehioc^  the  most  brightly,  a  minimum  quantity  of  metallic  salt  seems  best 
■idaptcd  to  strengthen  the  illuminating  power  of  the  phoi^pboresceut 
iy.     (Wach.) 

This  colour  bears  no  relation  to  that  of  tho  light  by  which  the  phos- 

ence  hae  been  developed.     Thus  diamond  or  Bolognian  pliosphorua 

ited  with  the  blue  or  violet  ray,  Bhines  with  yellowish  red,   and 

lioit's  phosphorus  under  the  same  circumstance*  with  light  yellow  or 

»-«oloured  light.     Hence  Grotthuss  cnnclude«  that  the  pLo^nlioruii  has 

tfw  property  of  converting  colourlesa  into  coloured,  and  coloured  light  into 
Uf^l  of  another  colour  or  white  light;  and  he  cotisi<lera  tho  dlfjferenoea 
Iwoen  the  several  niys  a^  resulting  only  from  the  ditt'erent  velocities  of 

lateral  oscillatory  movements  of  the  rays,  the  direct  velocity  of  pro- 

uion  being  the  same  for  all. 

Pbo«phorear«nce  shows  itself  in  all  transparent  media  which  do  not 
Blt«r  tho  comiKtsition  of  the  phosphorus;  the  diamond  shines  in  water, 
bjilrogen  gas,  nitrogen,  and  nitrous  ga.'J  (Heinrich);  chlorophaae  in  water 
(Urutthu«»);  Canton's  phoepliorus  in  a  vacuum  and  in  all  gaeee, — bat 
acid  gaaea  etion  destroy  its  luminous  power,  and  chlorine  destroys  it 
iutjuttly  (De#eaigDC8) ;  similarly  in  water  and  alcohol  (Grotthuw*). 

The  phospliori  formed  from  realgar  and  antimony  retain  thoir 
property  of  shining  by  insolation,  when  krpt  for  a  long  time  under 
water;  the  former  does  not  shiuo  more  brightly  in  oxygen  gas  than  in 
eoQimon  «ir.     (Osann.) 

Tho  phosphoresce  nee  of  these  bodies  shows  itself,  according  to 
Beinrich,  &b  elrongly  ^t  —  12°  M  at  +  25^     A  Lighor  temperatttto 
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rtreojrttens  It  but  shoTtens  its  duration,     When  a  hoAj  like  CantonV , 
nhaspliorus  or  chloropliane  has  ceased  to  ehine  9,1  a  certain  tetnpcnitore,! 
It  will  ebitie  a^in,  even  months  after,  when  ita  tetnpeniture  is  raised,  <■- ^.' 
by  the  warmth  of  the  hand,  by  boiling  water,  or  the  approximaiion  of  a  hot 
iron  :  but  it  afterwards  requires  renewed  insolation  to  make  it  shiDe  again. 
(Canton,  Grotthuss,  Osann.)     CantWa  plvosphfirus  ineolated  in  a  freeiing 
nixture  and  removed  to  a  dark  placo  without  being  taken  oat  of  tb«  i 
mixture,  shines  as  strongly  aa  if  it  bad  been  insolated  and  placed  in  thai 
dark  at  the  ordinary   iemperaturo ;  bnt   after  ceasing   to   shine  in  tha 
fr«e£ing  mixture,  it  again  begins  tuemit  light  when  raised  to  the  ordinary 
temperature.     {E.  Becquerel.) — The  Boloirnian  pbosphnnie  prepared  aO-l 
cording  tn  (3),  and  spread  ojxjn  a  plate  which  Is  carried  in  the  npen  bao<f 
oaUBea  the  lingers  to  «hww  tbrnugh  the  plate,  beeanse  where  tbcir  warmtlll 
is  conducted  through  the  plate,    the   phosphunis  shiuea  mtjre  brightly,! 
(D.I guerre  ) 

Tmn^luoent  substanees,  ench  m  marble,  likewise  emit  light  froin  the 
Burfiices  of  fractures  formed  during  pljo«phrtrescence. 

All  pbos|)bori  retain  their  phosphorescent  properliea  only  so  long  KB 
they  are  not  chemically  altered;  hence  some  of  them,  such  as  the  Bo- 
Jogniau  and  Canton's  pliospboraa,  must  be  preserved  in  sealed  tube*. 
Some  of  tliem,  f.^.  diamond  dunt,  clilornphnne,  cnnimon  flnor-spar  and 
sul|)hat.e  of  potash,  lose  their  power  by  ignition,  but  recover  it  when  an 
electric  shfu-k  is  passed  through  them,     (IJessaignes,  Grotthuss) 

The  effect  of  insolation  in  rendering  these  bouies  phosphoresoent  may 
be  replaced  by  that  of  the  electric  light  prodoced  by  paasing'  the  charge  of  a 
jar  thrnugh  them.  Canton's  phosphorus  becomes  beautifully  luminous  when 
nlaccil  in  a  tube  of  blue  or  colourless  glafls  over  which  an  electric  chare 
te  passed  (in  a  yellowish  red  tube  no  phosphorescence  ia  produced 
(Seebei-k.)  The  intensity  of  the  pbnspborescence  increases  up  to  a  ccrtail 
degree  with  the  strength  of  the  shock;  sometimes  only  a  streak  of  Ugb( 
appears  following  the  course  of  the  spark,  sometimes  the  whole  hodj 
ebinos.  (Heinrich.)  The  phosphorescence  produced  by  electricity  Lai 
the  same  oolotir  and  the  anmo  duration  as  that  induced  by  ineolatioi 
(Deseaignee);  according  to  Grotthuss  it  is  brighter. — The  electric  spar! 
produeca  pliosphoreacenc*,  not  by  mech;mical  disturbance  or  electri^ 
aetion,  but  by  its  light.  Canton's  pho.'iphorue  or  green  fluor-spar  become 
luminous  when  the  spark  of  an  electrical  battery  haring  a  surface  of 
square  metres  is  passed  over  it,  at  any  distance  front  1  decimetre  to 
metres;  (at  which  la^t  distance  the  electrical  efl<jefc«i  arc  no  longer  per- 
eeptible);  but  the  greater  the  dtstanoe,  the  weaker  ia  the  light.  Several 
sparks  at  a  great  distance  produce  as  much  phosphorescence  as  one  close 
at  hand.  If  the  Cantonian  phosphorus  exposed  to  the  electric  spark  bo 
placed  umler  glass  coloured  red  with  suboxide  of  copper  or  under  yellowish 
green  gla.ss,  it  does  not  become  luminous;  under  blue  glass  it  becomes  vt 
faintly  luminous,  under  violet  or  co!ourlo.'«s  glass  rather  more  so  (and  1 
thinner  the  glass  the  greater  is  the  effect)  but  not  nearly  so  bright  as  when  '\i 
is  exposed  without  any  coTering  to  the  action  of  the  spark.  (E,  BecqtiereLJ 
Under  a  plate  of  rock-crystal,  smoky  topar.,  or  gj'psam  (Marienglaai 
Canton  B  pliosphorus  becomes  much  more  powerfully  luuiinous  than  uiide^ 
a  plate  or  colonrless  glass,  even  of  less  thickness;  tho  phosphoms  also 
becomes  luminous  when  covered  with  two  plates  of  rock-crystal  with 
water  between  them.  If  it  be  covered  with  upatpio  paper  in  which  there 
u  aa  apertuxe  1  millimetre  in  diameter,  and  the  electric  spark  passed 
oyer  this  aperture^  it  will  be  found,  on  remoring  tho  paper  in  Uio  dftrk,  that 
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^  Jpfcoiplioiescenoe  is  at  first  confined  to  a  amall  circle,  vhance  it  gra- 
dttihr  chffuMs  itself  over  the  whole  pLoaphoruB,  tbeti  gradually  diminUh^fs 
nd  dio^peus.     (Biot  &  E.  Becquerel.) 

h.  Devtlopmait  of  Light,  proditced  by  t/u  adwn  of  H fat. 

Almoet  atl  bodies  wUich  are  capable  of  becoming  phosphorescent  W 
elation  and  haro  ceaMd  to  ebine  at  ordinary  temperatures — and  otLen 
etrise — become  lummous  when  heated  in  the  dark.  It  Neeros  lliarefora 
tlj»t  the  bodies  at  the  ordinary  temperature  contain  a  certain  quantity  of 
light  eo  intimately  combined  with  them,  that  it  otntiot  ditl'ude  iteelf 
throagb  a  dark  s<pace  by  virtue  of  its  own  ela^rttcity ;  but  that  the  capacity 
pf  tmdiea  to  fix  light  diniinishee  as  their  temperature  mc». 

The  eubstaiiTCa  which  exhibit  phospboreBcence  when  lieated  are  not 
only  almost  all  those  whidi  acquire  the  fsame  property  by  iiiMjlation,  but 
ItkewiM  those  diamonds  which  do  not  become  lumtnoua  by  insolation 
(Ueiurich);  also  baryta,  strontia,  lime,  niagnej^ia,  alumina,  apatite,  the 'i 
■lings  of  sere rsl  metals  (zittc  and  antimony  are  the  nioeit  luwiunus,  gold 
WbA  MJVer  the  leaet;  mercury  alao  exhibits  a  very  faint  lumtnomty  accord' 
iog  is  De«sai^ne8,  none  at  all  according  to  Heinrich) — very  many  inetiiUio 
oxidee,  both  hydrated  and  anhydrous,  almost  all  earthy  uti^eralsi,  e.  g,, 
ried   npphire.   rock    crystal,    red  felspar,    red   mica,   aabealuD,   steatite 
(Wedgewood) ;  wernerite,  dipyre,  treniolite,  harrootome  (Hauy) ;  jioary 
BfuXf  anhydrite,  bitterepar,^  datolite,  green  sapphire,  brown  nda.)niintino 
'j  common  quart*,  amethyat,  grey  hornblende,  blue,  yelluw.  and  white 
a,  rubcUite,  cyanite,  spoduaieoc,  petalite,  eodalite,  greeti,  brown,  and 
k  mica,  lap ijs- lazuli,  obsidian,  meaotype,  tabular  spar,  augitc,  glassy 
'Dolite,  Hphene,  anatuse,  black  titaniferouasaud,  tungstate  of  lime,  sal- 
ate   of  lead,   arseniate  of  lead,  red  silver  (Brewster);  barytn-nalcite. 
([Children,  Ann.  Phil.  24,  115.) — Sulphate  of  quinin  and  sulphate  of  oin- 
chotiin  sbinc  when  moderately  heated;  resin  of  guiit<oani,  mastic,  w.nda- 
rach,  ulibuDum,  myrrhs,  galbannm,  and  ammoniacal  resiii  at  their  boiling 
points;  gum  arable,  marsh-m allow  root,  and  Florentine  violet- root,  at  a 
neat  at  which  they  begin  to  cbar,  perhaps,  therefore,  in  consequence  of  a 
■low  oambuation.  (Jonas,  Br.  Ard*,.   17,  250.)     Cmnp.  Bottger.  p.  200. 
Likewise  wax,  fat,  and  volatile  oils,  and  many  other  organic  bodies,  shine 
when  heated,  their  phosphorescence  being,  however,  due  to  alow  combus- 
tion ;  the  same  remark  applies  to  the  luminosity  of  the  Hlings  of  several 
metals,  which  may  |:icrhMpei  he  due  partly  to  the  combustion  of  the  metal, 
partly  to  that  of  oil  adhering  to  it. — The  sparkling  observed  by  Dobe- 
roiuiT  {Sfhw.  41,  221)  on  beating  chlorate  of  potash  with  powdered  per- 
oxjtie  of  manganese  (or  with  fine  qiiurtK-sand)  (Scbwoigger),  in  a  glass 
tube  likewise  results  from  chemical  combination. 

Phosphoroscenco  is  not  Induced  by  heating  in  bodies  which  fuse  or 
mlatilize  at  a  high  temperature,  f.  g.  the  hydratoa  of  potaab  and  soda, 
nilre,  the  nitrates  of  strontia  and  lime,  and  ammoDiacai  salts,  which  at 
most  become  slightly  luminous  when  gently  heated  (Dessaignes);  neither 
dae«  it  occur  in  incombustible  liquids  (Heinrich). 

The  lowest  temperature  capable  of  inducing  phosplvoresccnco  is  not 
only  dtftVrenl  in  diflerent  substances,  but  likewise  varies  iti  difl'erent  sj*e- 
eimcna  of  the  same  substance.  With  Canton's  pboaphoms,  chlompliano 
(Pallaii),  many  diamonds,  and  white  topaz  (/.  Fhys.  ^5,  60),  which  have 
Mm«(|  to  shine  in  the  dark  at  ordinary  temperatures,  the  heat  of  tha 
.d  or  the  breath, — and  with  the  first  mQutioned  substance,  immersion 
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ia  oil  of  Tilrwl  or  nitric  «i<l.  ^'•''<^'>  P">«ln<»a  teat,  ia  safficient  to  ex< 

S— ulu.raiccJM» •  wi'l*  coititaon  floor-spar  the  temperature  must  be  raig 

iT^twt^n  RS*ini<J  '^W"  C;  with  phosphwite  from   Estreniiiflata  &aA 

■^  Inria  to  100*   witJi  diamond  between  100"  and  230°,  with  the  natural 

fonoB  of  raM*on»te  of  'itne  between   200°   aa«i  325",  with  minerals  of 

tha  «Ji««oii«  fl*^  t»etwpen  250°  and  375°,  with  oils  betvreen  94"  and  250°. 

In  this  nwpeet  it  is  in  Jiffcrent  whether  the  body  U  in  the  form  of  toTnpe 

M-  *oinfcr,  Mid  whether  the  heated  support  conei^ta  of  glass,  clay,  poroe- 

hia,  iron,  ryppcr,  silver,  mercury,  or   tiDj  or  whether  the  eulretanc«  is 

|Jtjra«rn  into  hot  water. 

Bodies  which  l>ceomo  etrongly  phosphorescent  by  ineolatioD,  generally 
fUn  shine  bn'g'htlj  after  being  heated, — and  conrer^ely :  a  con?iderabl« 
thy^rNi  of  phosphorescence  is  however  accjuired  by  bard  miuerals  whea 
be<it«>d.  The  longer  a  body  shines  by  insolation,  the  lonjtrer  also,  genemlljr 
jnealii)]^,  does  it  sliine  after  heating;  and  with  the  eame  body,  the  phoe- 
nofmceoce  prodiice<l  by  heat  \&£ts  longer  than  that  c^ccited  by  insolation, 
— witb  the  exception  of  diamond,  fluor-spar,  Canton's  phosphorus,  and 
olh^r  bodies,  which  Bhinefor  a  longtime  after  insolation,  and,  on  the  eon- 
tnay,  for  &  shorter  time  after  being  heated.  The  intensit)'  of  the  light  ia 
«l«o  directly  proportional,  its  duration  inversely  proportional,  to  th« 
d^lVA  of  temperature  to  which  the  body  is  raised. 

With  most  bodies  the  light  is  soft  and  streaming,  with  metal  filings 
ud  certain  heavy  metallic  uxides  it  is  sparkling.  (Dessaignes.)  TUe 
wtour  of  the  lijrhl  beara  no  relation  to  that  of  the  phosphorescent  body, 
and  is  more  variable  than  when  produced  by  insolation,  being  eometimes 
white,  sometimes  violet,  bloe,  green,  yellow,  or  reddish:  the  same  body 
exhibits  several  of  these  colourB  at  different  t^tagos  of  the  process  m 
lug,  sometimes  in  the  order  just  mentioned,  somotinies  in  the  levene 
I  <tl^er,  hut  always  in  such  a  manner  that  feotne  of  the  colours  ate  pawed 
over.  (Heinrieh.) — ^The  light  emitted  may  he  resolved  by  the  prism  into 
a  coloured  spcetnim,  just  like  ordinary  tight. 

Inorganic  liodie^  cshine  equally  well  in  common  air,  oxygen,  nitrogep^ 
hydrogen,  or  carbonic  acid  gas,  or  in  vacuo,  water,  or  oil ;  organic  sub- 
Btanctje,  on  the  contrary,  shine  only  in  air,  or  etill  better  in  oxygen  ga«; 
their  phosphorescence  is  therefore  to  be  regarded  as  a  pheninnt -non  of 
conibu«ition.  Only  in  the  ease  of  linseed  oil,  Dessaignes  was  able  to  dis- 
tlngaieb  a  fainter  luminosity,  which  occurred  at  125°  C,  even  in  enrbonic 
acid  gaa,  from  the  stronger  phoffphoresceuce  which  Wits  produced  at  a 
tigber  temperature,  and  only  when  oxygen  was  present.  The  phospho- 
iMoeace  of  boiling  linseed  oil  ceases  when  the  air  is  removed  by  the  alr- 
pniap,  and  recommences  when  it  Is  agiiin  admitted.  (Grottliuss.) — Quinin, 
anlpbate  of  quiuin,  and  sulphate  of  cinchonia,  do  not  ^^hiue  so  strongly 
during  the  time  that  tlivy  are  heated  (on  pnper  over  a  lamp)  as  they  do 
90  or  40  seconds  after  the  removal  of  the  ]nm\) :  the  luminosity  begins  at 
liw  edg«,  extendi  towards  the  middle,  and  often  last^  several  minut««. 
Otber  saltf  of  quina  and  other  organic  salitiaLle  bai<e£  exhibit  no  pboephiH 
IcntBM.  (R.  Bottger,  .^nn.  Ph'trm.  33,  342.) — Luminous  characters  may 
ba  tsaaed  on  paper  with  a  piece  of  iron  heated  somewhat  below  redne««. 
Tba  vafioar  which  rises  from  paper  heated  by  contact  with  hot  iron  is 
■iba  laauDous;  so  likeAviso  are  wood  and  sugar  when  touched  with  a  hot 
iraa.  (Qtvtthnss.) — The  wick  of  a  tallow  candle,  which  has  been  extin- 
niilMd  ia  tbe  dark.  t>o  as  not  to  leave  a  einglo  g'park  alight,  remain« 
fciatty  hnaiaous  for  some  seconds.  If  sulphur,  wax,  tallow,  fat  oil,  cam- 
|4ai^  Mia,  or  caoutchouc  be  nibbed  upon  hot  iron  not  lumiaoua  Id  the 
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'Or  if  the  iron   be  brought  in  oontaot  with,  gnni,  starch,   hom, 

■s — or  if  utetjant  ga«  or  ether  Tapour  he  made  to  rise  againet  it — m 
pule,  bhiirth  wliit«,  lambent  flame  of  %'ariuus  dejt^^reea  of  intensity  will  be 
pr<yiuce<l.  Tallow,  paper,  aad  cacao-fat  exhibit  phosphorescence  at 
Ur.  «-ai  not  belo*^  204"  C.  (WilliamR,  Po^ff.  39,  490  j  abu  J.  />r.  C'A., 

e,  n.) 

Bodies  which  have  cea5«(l  to  shine  at  a  eei-tatn  temperature  again  be- 
enme  Inminoiis  when  more  stroogly  heateJ;  but  tht-y  then  require  to  be  ouce 
more  oxiMsed  to  li{fht  before  they  will  exhibit  phosphorescence  on  bein^ 
Wted.     The   realgar  and  antimony  phosphori  prepared  in  a  covered 
cnjciUo  atji.1  cooled  in  the  dark  dn  not  become  phosphoreecent  by  heat; 
biit  if  exposed  to  lij^ht  and  then  kept  in  the  dark  for  a  long  time,  they 
^tnit  li(.'|it  on   being  heated.  (Osann.) — Tlip  application  of  a  very  strong 
liiai  prrniuces  a  momentary  and  verj'  vivid  phoaplioroscence,  but  deprives 
nuwt  Itudivs,  the  heavier  metals,  their  oxides  and  salts,  for  example,  of 
[III- jwiwcr  of  agiiin    heeonjin^  htniinous:  e.  ff.,  metal  filings  do  not  emit 
li'.'lK  irben  too  much  pressure  ha*  Ijcon  used  in  the  act  of  filin;^.  (Dea- 
^i^'Jies.) — Many  other  bodies  may  be  deprived  by  half  an  hour's  ignitioa 
"'  tlio  |)owcr  of  emitting  li^Ut  when  heated,  e.  g.,  preeioua  stones,  glase^ 
ijuarti,  clay,  niajjnesia,  heavy  spLir,  strontianit-e,  carbonate  of  lime,  ftuor- 
»P»r  :ind  many  other  salts  of  the  alkalis  and  earths  which  partly  lose 
tJim  water  of  crystal  ligation    whtn   ignited.      The  luminous   power  is 
oowpifcr  restored  by  electric  dischargee  even  when  sent  through  a  paste 
fonnfd  of  the  powdered  substance  mixed  with  water  (this  \s  the  cae©  with 
twlwinle  of  lime,  fluor-spar  and  heavy  «par);  in  the  ca^e  of  salt*  which 
i""e|yjt  their  water  of  crystallization  by  ignition,  the  pluwjdiorcscent 
P 'ivi  r  iu  restored  by  exposure  to  the  air,  by  breathing  on  them,  ormoistcn- 
'lr>'rn  (some  suit-*  indeed,  after  being  moistened  with  water,  shine 
1.1  \  til  iiiidi  hut  faintly,  when  heated,  without  previous  exposure  to  light, 
— '  I''     .:ijiies,  GrotthtiK);  and   in  the  case  of  strontianite  and  carhonakte 
of  /ime,  by  heating  to  whitencsa  (Helnrich,  De.*saignea).— Chlornphane, 
»Lich  lias  lost  ita  phosphorescent  properties  by  ignition,  yields,  by  solu- 
tion in   liydrrjchloric  acid  and  evaporation,  crystals  of  flnor-spar  which 
acquire  little  or  no  luminoflity  when  heated;  whereaB  if  the  clilorophane 
~  1  fresh,  or  if  its  phosphorescent  povver  after  being  destr^iyed  by  ignition 
heeu  restored  by  the  electric  spark,  it  will,  when  treated  by  hydro- 
chloric acid,  yield  crystals  which  emit  light  on  being  heated.     If  ignited 
and  iinigiiitcd  chloropbanp  he  dissolved  in  hydrochloric  acid  and  jirecipi- 
taied  by  ammonia,  the  precipitate  of  the  former  will  shine  when  heated 
with  a  faint  bluish  white  light,  that  of  tlic  latter  with  a  bright  emerald 
CTDcn  light.     If  the  hydrocliloric  acid  solution  of  unignited  chlorophaue 
be  trented  with  sulphuric   acid,  the  precipitated  sulphate  of  lime  shines 
almoft  as  brightly  as  the  chlorophanc  itself,  but  with  a  somewhat  different 
lifibt;  if  a  solution  of  ordinary  ehlortde  of  calcium  be  treated  with  buI- 
phnrie  acid,  a   precipitjite  of  gypsum  is  obtained  which  is  <{uite  destitute 
of  phosphoreecence.   (Grotthns.)     If  ignited  cidoridc  of  sodium  be  dia- 
Aidver]  in  uoe  portion  of  water,  and  the  Kimc  ealt  ignited  and  afterwards 
««lectrificd  be  disaolve«l  in  another  portion,  and  both  solutions  evaporated, 
tlie  Intter  will  evaporate  more  quickly  than  the  former,  effloretuvjng  at 
iJie  aamw  time— and  yield  a  salt  which  shinea  more  brightly  when  heated 
tliMi   that   which  evaporates    from    the    former  solution.    (Grutfhuss.) 
Barrta,  sirontia,  lime,  magnesia,  alumipa,  and  silicii  do  not  lose  by  igni- 
tion  the  power  of  emitting  light  when  heated.     (Deeaaignee.) 

Peiir«all,  in  the  following  expcrimenle,  placed  the  saoataooe  to  be 
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exftTbitie*!  on  iroty,  ftud  piMs^  througb  it  one  or  two  shocks  hom  a  L«y4 
dea  jar  having  a  etu&ee  of  two  sanare  feet     He  foDod  that  the  fiuii»1 
effect  is  produced  when  the  spirk  is  pMoed  over  the  sabstAnce  incloMd 
in  4  glues  tube,  whereas  the  TJvid  light  between  the  charcoal  poinU  «.tta<^hed 
to  the  termiiial  wirea  of  a  volt&ic  pile  of  100  pairs  has  no  effect  what- 
ever.    Chloroph&nc  deprived  by  ignition  of  the  power  of  emitting  light 
when  heated  does  not  recover  it  hy  two  days'  erfraisare  to  the  sun's  rays, 
but  regaiot  it  almost  entirclr  by  one  electric  nhock  (producing  a  green 
liglit)  asd  Btill  more  powerfully  by  repeated  shocks.     Ordinary  fluor  apar 
le*trifii-'d  after   iguition  shines  brighlly  on    being  heated,  if  kept   for 
-^MTcral  greeks  in  the  dark;  but  if  after  being  electrified,  it  is  exposed  tOj 
tlio  sun  for  the  whole  of  this  interval,  it  gives  little  or  no  light  whe 
heated.      Apatite,  electrified  after  io^nition,  ehinos  with  a  citron-yelloi 
light.     Unigni:ed  Buor-epar,  which  does  not  ti^hine  when  heated,  acqui 
this  property  in  a  higher  degree,  the  greater  the  number  of  electric  shockl 
passed  through  it.     UnignitJBd  fluor-Bpar  becomes  luiinnoas  when  beatedjL 
emits  after  the  action  of  ele^^ric  shocks  a  tnore  intense  light,  which,  after 
iereral  discluirgea  have  been  passed,  approaches  more  nearly  to  that  of 
ohlorophane,  and  exhibits  colours  different  from  tho^e  which  it  hod  beforaj 
(Cicctriattion.     Minerals  containing  eilica  and  alumina  and  not  origiRallyl 
poeHSsing  the  fa.cuUy  of  eniittirig  light  when  heated,  do  not  acquire  thii 
power  by  the  action  of  electric  ebcteke.     A  solution  of  phosphoreecenl 
amtite  or  fiuor-epar  in  hydrochloric  acid  gives,  when  treated  with  ammo- 
nta,  a  precipitate  which  lioes  not  become  Inminous  when  heated,  cither 
after  simple  drying  or  after  ignition  and  electriEation;  but  a  urinary  nal- 
cuius  consisting  of  phosphate  of  lime  heoomea  lutniuons  when  similarly 
treated.     The  crystals  of  fluoride  of  calcium  which  the  eolation  of  flnor- 
spar  in  hydrochloric  acid  deposits  on  cooling  likewise  emit  light  on  being 
heated.     (Pearsall.) 

e.     Dewlopmeni  of  Light  htf  Slechanical  Force. 

Almost  all  bodies  which  acquire  phospborcscenco  by  insolation  or  by' 

the  action  of  heat,  likewise  become  luminous  by  fnction  or  percnwion. 
The  combined  light  thus  disengaged  from  them  is  probably  the  same 
that  which  is  set  freo  by  heat;  from  which  cause  also  the  iutensity  of  ihfti 
light  developed  by  percussion  increases  with  the  temperature. — -Becquerel' 
{Anit.  Chim.  Phys.  22,  33)  refers  the  light  dcveloj>ed  by  pressure  to  elec- 
tric action :  if  for  example  two  masses  of  ico  come  in  contact  at  sea,  they  ■ 
ore  brought  by  strong  pressure  into  opposite  electrical  states.;— and  whciil 
the  pressure  ceases,  the  opposite  electricities  combine  again  and  producal 
light.     The  development  of  light  by  friction  is  in  many  cases  undoubul 
edly  of  an  electric  nature,  f.g.,  in  that  of  sulphate  of  quinin.     3Ioreovor,l 
pressure  produces  heat^and  this  may  excite  phosphorescence  by  rise  of  I 
temperature.     There  ia  probably  also,  according  to  Hcinrieh,  a  Light  of 
Srparation  (Tr(n>riung$-liehc),  i,  c,  a  development  of  light  produced  by 
destruction  of  cohesion  a^  in  splitting,  tearing,  or  breaking;  in  few  cases,  h 
Biff,)  iron  pyrites,  is  the  production  of  light  a  coneequencc  of  combustion.  H 
R.  Bottger  {Pogg.  43,  655)  endeavours  to  prove  that  the  light  developed 
by  rubbing   flints   together  is   electrical — from  the  fact  that,  like  the 
electric  light,  it  shows  distinctly  and  separately  the  colours  painted  on  a 
revolving  circuhu  disc;  Doppler  {Pogg.  49,  505)  regards  this  proof  m 
inanfficient.  ^^ 
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Solid  BodUi. 

Pkt)»pkore$0enf«  prodvffd  hy  tearittg,  tplitiing,  and  rubbing. — When 
Vvnwic  acid  wlidififs  nfter  fusion,  it  ap]it«  in  cooling,  and  exhibita  along 
Uie  cineks  a  light  wtiich  it  visible  even  in  the  dnytime,  (Dunias,  j^nn. 
CArm.  Pkys.  32,  335,  also  Pngy.  7,  535.)     Sulphate  wf  potash  fused  with 
mam  of  tartar  and  a  little  common  salt,  likewise  craeks  in  cooling  and 
emits  HjEht    (Schiller,    Tascketb.  1791,  54)      GlMH-drops  almoet  always 
emit   li«bt  when  they  burst.  (Heiwrtch.)      lu  the  cleavage  of  Russian 
mica  sfHirki*  urt*  produced  wbtoh  eouictiniee  start  ont  to  the  distance  of 
O'l  inch.  (Hefurjch.)     If  two  pieces  of  cloth  join^i  together  bj  a  solu- 
tion  of  cauud'liouc  in  coal-tar  be  soddeuly  pulled  asunder,    or  if  any 
cotton  fabric  W  quickly  torn,  liglit  will  be  emitted  and  will  be  visible  in 
the  dark.    {Ed.  I'hiL  J.  10,  185.)     (No  light  is  developed  by  the  break- 
ing cf  ropes,  eilk  string.s,  or  wires,  or  by  the  splitting  of  wood.)     Cylin- 
iheTB  of  the  folbtwing   aubstances,    mostly  crystalline,  emit   light  when 
brt>Tccn,  provided  the  fnuiture  be  not  clean,  but  small  pieces  are  thrown 
tiff  iir  crackfi  produced:  Kluor-spar,  rock-salt,  aulphnte  of  potash,  roek- 
r^v^t;||,  fuse  qiiiirtK,  hyalite,  topaz,  oyanite,  adularia,  labrador,    glassy 
trfini-.lite,  teolile,  yellow  blende  and  sugar,  especially  Canary  sugar  and 
TOj»r-candy ;  these  subatiiMceB  emit  a  much  brighter  light  when  pounded 
10  a  mortar.     Bitartrate  ttf  potash,  Rochelle  salt,  and  glass  tubes  give  ont 
mi  iit.liatinct  light  when  broken;  alum,  borax,  and  Glauber's  salt  emit 
Cdiif"  on    heing  broken,  but   all    the.^e  subs>tancoa   give  out  light  when 
poDodeil  in  a  tnortar.  (Heiiirifh.)     Tartaric  acid  l«jcomes  luminous  when 
pounded  (Morion's  J.  Chitii.  Med.  3,  287);  so  likewise  do  large  massea  of 
m{  utid  mutton  suet  when  brniaed  by  beating.     (Bauerufeind,  Kiitn. 
Arrh.  18,  3T0.) 

Pht'fpfwrttcente  produced  htf  ruhhincj.- — The  following  aubstancea  emit 
light  when  rubbed  together:  Dianionds  which  become  phosphorescint  by 
ijiifintion  or  beating,  chlorate  of  potash,  lieai.'y  spar,  strontianite,  burnt 
Jinir,  f'anton'd  phosphorus,  fluor-apar,  many  kinds  of  statuary  niarhlej 
dolomite,  arragooite,  anhydrite,  Homberg's  phosphorus,  phosphorite  from 
Ertroiivftdura,  glass,  porcelain,  all  precious  stones  and  vitreous  minerals 
(the  brightest  light  ia  emitted  by  milk  fpiartz  and  adularia,  the  faintest 
by  jasper),  blende,  calomel  {comp.  Caatillo,  J.  Pharm.  13,  158),  corro- 
live  »ubliniate,  sulphate  and  phosphate  of  mercary,  loaf-sugar,  eugar- 
randy,  and  resins.  (Deasaigneu,) — Also;  sal-ammoniao,  nitre,  alum,  and 
Uuo  vitriol  (this  last  only  after  drying,  the  pieces  being  rubbed  together 
bile  yet  wami),  boraK,  rock  gait,  wjtherite,  double  refracting  spar, 
Icspar,  many  granular  liniestones,  many  hinda  of  alaba.ster,  fluor- 
^tpmr,  apatite,  pharmacolite,  rock-crystal,  quartz,  ainclhy.st,  agate,  cbal- 
c«donv,  borustone,  red  and  band-jasper,  opal,  corundum,  topa^,  adulariii, 
common  felspar,  labrador,  lapis  lazuli,  tourmalin,  pyiope,  wpta-schiefer, 
eliiaiic  »tone,  baked  earthenware,  calamine,  iron  pyrites  (the  last  shines 
hy  rombustion),  tinstone,  magnetic  iron  ore,  and  blood-»'tono.  (Hein- 
i(ch.)  Pliosphorescenco  is  likcwiae  exhibited  by  wet  crystals  of  nitrate 
of  baryta  (not  by  dry  ones)  when  violently  thrown  one  against  the  other 
(A.  Wcmor,  J.  pr.  Chem.  14,  249);  manna-a«gar,  and  the  so-called  sub- 
mina.  (Bonaatre,  .f.  Pharm.  10,  191)  According  to  Mills  {Ann.  Phil 
S3,  235),  acetat«  of  lime  evaporated  to  dryness  and  heatca  to  120°  C. 
alto  emitu  light  when  nibbed  with  a  spntula. 

No  pho«phore«cenoe  of  this  kind  is  exhibited  by  any  of  the  metals,  et 
bj  uij  metaUio  ffulphuroia  except  blende;  the  bydmtce  of  potash  and  eoda, 
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all  Baits  of  aiunioiiia,  potafh,  aod  8oda,  except  chlorate  of  potash;  gy 
sum;  the  lieavy  motnllic  oxidcp;  niiccrala  coQtaLniii;;^  heavy  metallic 
oxides  in  large  quiLiitlty;  aU  heavy  metallic  salts  except  the  mcrcuml 
alts  above  nicntiaupd-  all  Tegelahle  substances  except  sugar,  resin,  and 
certnin  liquids;  a.11  animal  subetances.  (Deasaignes.)  Moreover;  aulphiir, 
tbo  Bolo^jtiian  phosjiliLinis,  cyanile,  steatite,  lime,  meerschamn,  ubeottu^ 
teeth,  boDCi^,  antltTf',  horns,  and  amber,    (Heinrich.) 

As  a  general  rule,  tlie  same  bodies  emit  light  when  rubbed  with  rook- 
cryBtal,  an  etching  needle,  or  a  revulving  grindstone j  on  the  latter,  phos- 
phorescence is  also  exhiliited  by  serpcniine,  zeolite,  realgar,  sparry  iron 
ore,  galena,  and  Roebellc  i^alt:  tlic  Irictioti-light  which  Is  generally  of  a 
pale  yellow  colour,  i*,  when  produced  by  the  grindstone,  of  a  fiery  red. 
When  large  grindstones  we  used,  the  tieo  of  temperature  is  inconaider- 
atdc  (I),  for  the  piecca  of  flaor-spar  which  By  off  soon  cease  to  shine. 
(Heiurich,) 

Dtatnonds  which  do  not  become  lumicoiis  by  ordinary  nibbing  emit 
light  when  strongly  rubbed  uue  agatnet  the  other,  by  which  small  fiasurcs 
are  produced  within  them.     (DcsHaignca.) 

A  peculiar  smell  is  jirodnced  when  many  Bultetances,  luminons  aa  well 
as  non-luminous,  arc  rubbed  together:  on  rubbing  together  pieces  of  qnarti 
in  the  air,  a  black  powder  is  produced,  and  a  white  one  if  they  are  rubbed 
under  water.     (Dessaiguc«.) 

The  emission  of  light  also  tates  place  in  vacuo,  And  under  w«t«f,  pro- 
rided  the  latter  does  not  exert  a  solvent  action. 

The  light  is  white,  yellow,  red,  or  blue,  according  to  the  nature  of  the 
bodies:  its  duration  is  in  most  cases  merely  momontury;  the  diamond, 
however,  shines  for  a  minute  when  rubbed,  and  adularia  continues  lomi- 
nous  for  some  lime  and  tlirough  ite  whole  mass,  when  flaws  have  Iteea 
produced  in  k  by  pressure.  (Dessaignes)  The  intensity  of  the  light  in 
any  particular  substance  is  greater,  the  more  it  has  been  previous]  v  heated, 
— provided  the  beat  has  not  been  raised  to  redness,  in  which  ca-ee  the  body 
exhibit;^  no  more  phoephoteficeiioe.  A  body  cuoled  to  a  very  low  tempe- 
rature, exhibits  little  or  no  phosphorescence  when  pressed.     (Dessaignes.) 

The  following  substancet?  become  luminous  when  robbed  with  an  ordi- 
nary quill-fiatber:  Apatite,  fluor-spar,  rock-crystivl,  quarts,  agate,  chaU 
cedony,  hipia-lazuli  (these  five  only  when  newly  fractured),  siliceous  slal«, 
felspar,  mica,  tremolitc,  the  eo-called  cryatallino  sandijtone  and  other 
varieties,  lithuuiargc  and  white  clay  (Heinrich);  Canton's  and  Homberg^ 
phosphorus,  dolomite,  many  kinds  of  blende,  corrosive  sublimate,  and 
loaf-sugar  (Dessaignes).  The  diamond  alone  shines  when  rubbed  wilk, 
wool  or  with  a  brush.     (Dep^aigncs.) 

Sulphate  t>f  diichotiln  shineij  with  a  greenish  light  when  rubbed  in  a 
ba«in  at  100"'j  so  likewiw  does  s<il|diatc  of  (juintn,  and  with  greater 
intensity;  both  substances  become,  at  the  same  time^  positively  electrical. 
(Callaiid,  Stratingh.) 

All  precious  stones  (excepting  diamond),  marble,  many  kinds  of 
blende,  and  loaf-sugar,  become  luminous  when  strnck  with  a  wooden  or 
etecl  hammer,     (De^aignes.) 

Phosjihoretcesicc  frmn  prfMure  on  pulvtriztd  bodiet, — The  following 
substances  in  the  state  of  powder  emit  light  when  struck  on  the  anvil 
with  a  hammer,  or  pressed  in  the  fire-syringe.  Arragonite,  calcspar, 
marble  limestone,  chalk,  apatite,  alabaiiter,  fluor-spar,  aiiiethyatioe  rock- 
crj^stal,  cliulcedony,  felspar,  mica,  thlorit-schiefer,  tremolite,  and  (very 
faintly)  agalmatoUte  and  steatite.     These  are  in  fact  the  Iwdies  which. 
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■liine  vben  beated,  and  tlie  Iieat  wLteli  Llie  pressure  produoee  is  tlie  cause 

«f  llie  iDmiuosity.     (Hetnrieh.) 

Wben  heavy  Fpar,  carlwtiate  of  baryta,  carbonate  of  stronti a,  lime- 
Be,  ciialk,  dolomito,  Cantan'sanJ  Huuiberg's  jihosphtjrus,  and  luagriefiia 
ilieftled  eilher  to  redness  or  to  wliitoitess  and  striu-k  as  soon  as  they 

IIAT^  9ea«4d  to  emit  IigKt,  llie  lumiDosity  reappeara  and  continuea  for  a 

koi^r  time.     This  development  uf  ligLt  is  perhaps  ai  a  different  kind. 

ffliwwuigTiea.) 

Liquidg. 

Water,  aqueous  solution  of  potash,  acetic  acid,  alcohol,  ether,  volatile 
oils,  and  olive  oil  become  luminous  when  rapidly  compressed  in  a  glass 
fitfrKynnge.  (Desfsoipnea.)  The  same  result  is  obtained  with  salino  solu- 
tiooa,  (Heinrich.)  The  light  shows  itself  most  strongly  in  thiit  fiiirt  of 
ihe  liquid  which  is  farthest  from  the  piston,  and  quickly  dimppcars.  The 
tttpcninent  may  be  several  tinies  and  uninterruptedly  repeated  with  the 
aaniQ  water,  the  temperature  perhaps  rising  to  5^C.  (Heinrich.) 

Elastic  Fluids. 

Air,  oxygen,  and  chlorine  are,  according  to  Saissy  and  Dessaignes, 

tic  only    >raa^    whicli   emit    light    iu   the  glasa  fire-syringe  j    according 

to  Heinrich,  tbia  effect  is  also  produced  by  hydrogen,  nitrogen,   nitrous 

oijiif,  and  carbonic  acid  giu.     (The  assertion  that  hydrogcu  gives  the 

ItIl  ill  list  light  and  at  the  mmc  time  the  greatest  heat,  excites  a  suspicion 

'' '•   the  gas    uijcd  in  the  experiments   waa    mixed  with  common  air.) 

T lis  I um in ou*  appearance  13  produced  with  greater  certaiuty  when  to  the 

IfWer  surface  of  the  piston  there  is  attached   a  sponge  moistened  with 

Iter, — Of  still  better  with  sohittou  of  alum, — or  e!so  some  (ino  threads  of 

gJaaiorasbestus, — on  account  of  the  action  of  the  point*  (Schweiggcr,  Sekw. 

<0,  10).     Spongy  platinum  attached  to  the  piston  doea  not  favour  the 

pro<liKaion  of  light,  (Pfatf,  Sck-w.  40,  1.)     Thf-nnrd  (Ami.   Chim.  Pkiju. 

H,  181;  also  Poffrj.  ID,  442)  attributes  this  light  merely  to  the  coin- 

IwiUon  of  the  leather  of  the  piston  and  the  grease  used  to  tnbrlcate  it,  in 

the  compressed  gases,  inasmuch  as  tiiia  appearance  has  been  observed 

only  in  air,  oxygen,  and  chlorine.     Wlien  the  piston  is  made  of  brass 

oorered  with  feti  and  lubricated  with  water,  no  light  ia  seen,  unless  the 

has  not  been  eulficsvntly  moistened ;  neither  is  there  any  luminous 

sarance  prodnced  when  the  tube  has  been  carefully  cleaned   from 

with  caustic  potash.     Since  the  luminosity  of  ga-jea  showa  itaelf 

only  when  the  piston  fits  the  tube  very  closely,  and  thiss  close  adaptation 

easily  attained  by  the  use  of  water, — and  moreover,  eincc  some  of 

"»wing  experiments  appear  to  confirm  the  fact  of  the  development 

iit  by  the  compres.'iion  of  gases, — the  matter  must  for  the  present  be 

looked  upon  as  undecided.  (Gm,) 

Detonating  hulba  {i.  e,  gloaa  bulba  hermetically  sealed  and  nearly 
empty  of  air)  when  thrown  on  the  ground,  exhibit  a  faint  white  light  ia 
bartt'ing.  (Helwjg,  (Jilb,  51,11 2.)  -  Vapour-bullw  (glass  bulba  filled  with 
alcohol,  and  burst  by  heating)  give  no  light,  (Heinrich.) 

Airpitmp-l if/hi.  A  glass  cylinder  bound  over  with  a  etrong  bladder 
and  exhausted  of  air  appears,  when  the  bladJer  breaks  by  the  pressure  of 
ihe  exurnal  air,  lo  bo  filled  with  a  white  light  which  U  brighter  in  pro- 

E>rtioD  as  the  cylinder  was  more  completely  exhausted  of  air.  (Dessaignea, 
U(f.  49,  310;   Heinrich)     This  light  is   undoubtedly  caneed  by  tl 
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presauro  exerted  on  ike  exceedingly  rarefied  air  of  t)ie  cylinder  and  tlis 

|»ortion  which  first  enters  hy  that  which  rapidly  follows  it.  Deparcieux 
observed  light  on  the  barstiug  of  a  gloss  bulb  closed  and  full  of  air  uodcr 
an  exbauBted  receiver. 

A  ir^tm-light.  When  an  airgun  is  diechatged,  light  ifl  ftotnetiraefi  seen 
at  the  mouth  of  the  barrel ;  according  to  Lcyser  {GUb.  8,  340),  onlr  when 
the  barrel  is  of  iroDj  not  wbon  it  is  lined  with  braBS.  According  to 
Hoinrich,  the  gun  Diuat  be  fully  charged,  and  even  then  only  the  first  two 
or  three  discbargea  are  accompanied  by  light,  whether  the  gun  be  loaded 
with  ball  or  not.  The  light  is  uIbo  apparent  when  the  barrel  is  lined 
with  lead,  and  most  clearly  when  it  is  made  of  glass ;  it  is  not  produced 
when  the  barrel  is  very  wide,  unless  it  be  partly  divided  by  a  cleft  ramrod, 
Lcyser  and  more  particularly  Hart  {^«.  J.  u/Se.  15,  64),  assert  that  light 
i»  not  produced  unlees  the  barrel  contains  du^t,  or  powdered  Quor-spar  or 
BQgar  18  put  into  it;  this  would  show  thai  the  light  is  prodaced  by 
friction.  According  to  Schwcigger  i^Schw.  40,  22),  the  development  of 
light  is  favoured  by  holding  a  cru£t  of  quartE>crystals  or  a  coil  of  wiro 
before  the  mouth  of  the  barroL 

Light  ia  seeu  in  the  sudden  decomposition  of  peroxide  of  hydrogen, 
iodide  of  nitrogen,  chloride  of  nitrogen,  and  oxide  of  chlorine;  in  thess 
decompositions,  gosea  are  saddenly  set  free  which  probably  produce  light 
by  presaing  on  the  surrouDding  air  or  the  undecomposed  portion  of  th« 
gaseoiu  oompound. 

d.  Zitminoiu  appmranees  aeeompanyin^  CrystaUisation. 

Many  salts  in  crystallizing  from  tbeir  aqneous  solutions,  and  bensoic 
acid  in  passing  from  the  state  of  vapour  into  the  crystalline  condition, 
often  exhibit  a  brilliantj  sparkling  light, — whilst  in  other  instances,  the 
same  substances,  under  circuniiitances  precisely  sirailar,  present  no  appear- 
anoe  of  the  kind.  This  phenomenon  probably  depends  in  every  caso  on 
the  passage  of  the  body  from  the  amorphous  to  the  crystalline  state,  and 
is  precisely  analogous  to  the  Inminous  appearance  which  accompanies  the 
crystalliEation  of  arsenious  acid  (p.  10.5),  and  the  phosphorescence  of  other 
Ainorphoos  bodies  when  heatnl  (p.  lOg). 

Picket  observed  sparkling  appearances  in  all  parts  of  a  reasel  in 
which  sulphate  of  pota^ih  was  cTystalli/Jng ;  this  continued  for  an  hour. 
Schonwald  saw  sparks  emitted  during  the  evaporation  and  crystallixatioa 
of  a  solution  nf  1  part  of  common  salt  and  2  parts  of  sulphate  of  potash, 
and  found  that  the  resulting  crystals  wore  luminous  whi?n  rubbed. — 
Schiller  dissolved  in  hot  water  a  mixture  of  sulphate  of  potash,  cream  of 
tartar,  and  a  small  quantity  of  coniiiion  salt  which  had  been  fused  at  a 
high  temperature,  and  filtered  the  solution ;  during  the  ciyBtallizatioa 
flashes  of  light  continued  to  dart  through  the  litf  uid  for  several  hours, 
and  the  crystals  still  shone  when  they  were  removed  with  a  spatnr 
several  days  after.  According  to  Giobert,  sulphate  of  potash  doe«  not 
emit  light  in  crystallizing,  when  it  contains  sulphate  of  magnesia  mixed 
with  it;  the  light  is  first  seen  when  the  liquid  becomes  moderately  con- 
centrated and  begins  to  crystallite  by  cooling ;  during  slow  evaporation 
no  light  is  emitt<Hl,  The  larger  the  surface  of  the  vessel,  the  brighter  is 
the  light;  it  seems  nUo  to  be  strengthened  by  previous  exposure  of  the 
liquid  to  the  sun.  The  crystals  shine  with  the  greatest  brightness  after 
the  liquid  has  beon  poured  otT;  but  they  cease  to  shine  when  dried  upou 
l^otting-paper.— Crystals  which  had  separated  from  a  solution  of  sulphate 
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«f  eolHUt  and  potaab  at  —  1S°  C.  emitted  sparks  for  b&lf  a,n  honr  aStett  th« 
Uonid  lja4  be«a  poured  off.  (Herrmaan.) — -A  enlutjou  of  several  poimdi 
♦fmlphttte  of  potash  cryetallieing at  +  '20"  C.  emitfceil  light  far  two  hours; 

rft  of  tlie  oryj^tailiae  crust  even  coutinued  to  shine  when  taken  into 
hand  aad  their  light  grew  stronger  when  they  were  rubbed.  When  a 
^Um  md  was  moved  over  the  (>ryatallriie  crust  at  the  bottom  of  the  liquid, 
tiitiack  wiu  marked  by  a  luminous  line.  When  the  same  aaline  mass 
«u  rediseolred  by  heating  tlie  supernatant  liquid  and  again  crydtalliied 
It  eoohng,  it  was  no  longer  phijaph orescent.  (Berzeliua  and  Wbhler.) 
Cb  tvaporating  a  solution  of  bisulphate  of  potash  in  a  porcelain  badn, 
wfl  cmtals  of  neutral  sulphate  of  potash  which  formed,  emitted  a  strung 
light  fur  half  an  hour  and  continued  to  shine  even  when  taken  out  of  the 
liQiiidj  the  latter  also  exhibited  a  sparkling  light,  especially  when  stirred, 
|Fj«i8dil.) — A  eolntioD  of  aeid  sulphate  of  potash,  ueutraliiied  with  caf- 
wHiatt  of  potash,  filtered,  evaporated  to  the  crystallizing  point  and  divided 
Uoag  a  namber  of  wooden  and  utone-ware  crystallizing  vosEels,  exhibited 
(owanis  erening  on  the  surfaces  of  all  the  vesBels  a  aucceasion  of  sparks, 
tMMoissioD  of  which  continued  with  a  peculiar  poise  for  several  Lours, 
kat  csased  when  the  liquid  had  become  quite  cold ;  the  mother  liquid 
txhilitted  no  more  light  when  further  evaporated.  (Singer,  Br.  Arch.  30, 
2Tt) 

Ciy^talJised  neutral  aalphaie  of  potash  dissolved  in  water  and  bronght 
to  thecrj'ftallizing  point  by  evaporation  never  emits  light :  neither  does 
wdgulphate  of  potash  Bimiiarly  treated, — -for  in  cooling  from  a  state  of 
niios  it  acquires  a  crystalline  structure.  But  sulphate  of  potash  fused 
*it6  »ulphate  of  soda  in  the  proportion  of  equal  atoms  fin  the  proportion 
of  II  |iarts  :  9  parts)  yields,  on  cooling,  "ia  aniorphoua,  fissured,  crumbling 
Bittuf  ritreoua  fracture,  a  saturated  soluttuu  of  wbicli  in  boiling  water 
pftptr«d  immediately  after  cooling,  then  fiHered  hot  and  slowly  cooled, 
emiti  light.  The  formation  of  every  crystal  is  accompanied  by  a  bright 
"Pvk.  For  the  first  few  hours,  the  crystals  contiuue  to  shine  when  taken 
"lit  of  ihe  liquid  and  rubbed,  but  not  so  atrougly  as  during  their  forma- 
ticMi,  They  have  the  form  of  sulphate  of  potash,  but  conta,in  about  one 
•tom  of  dry  sulphate  of  soda  mixed  with  every  2  atoms  of  8i]l|diate  of 
Poluh.  When  redissolved  in  water,  they  emit  no  light  on  crystaliixiog, 
^tlie  tnans  is  dissolved  in  water  not  quite  hailing,  and  the  solution  slowly 
v^wrated  to  dryness,  □»  light  ia  emitted,  and  the  two  salts  crystallize 
•mrately.  If  the  melted  mass  is  exposed  to  the  air  for  24  hours  before 
^^B| disM>] ved  in  water,  hut  few  luminous  crystals  are  seen;  and  if  it  has 
HHiD  left  undissolved  fur  several  days,  in  which  case  it  appears  to  become 
rryitaljine  and  separate  into  its  two  component  ealts,  uone  at  all.  A 
fused  mixture  of  3  atoms  of  sulphate  of  potash  and  2  atoms  of  sulphate 
of  wdii  similarly  treated  yields  less  light.  When  crystallixod  sulphate  of 
pota<>h  and  crystallized  sulphate  of  eo<la  are  boiled  together  in  water,  a 
rury  faint  ll^ht  is  sometimes  observed  during  the  subsequent  crystallisa- 
tion; a  portion  of  amorphous  double  salt  appears  tlierefore  to  be  pro- 
^Med  by  the  boiling. — A  surer  method  of  producing  light,  and  of  can< 
■idormblo  brilliancy,  is  to  fuee  together  2  parts  of  sulphate  of  potash  with 
1  part  of  common  salt,  and  treat  the  fused  mass  as  above.  The  cryitala 
obtained  are  the  above  mentioned  compound  of  sulphate  of  potash  and 
talphato  of  soda,  free  from  common  salt.  A  strong  light  is  also  obtained 
liy  treating  in  a  similar  manner  a  mixture  of  8  parts  of  sulphate  of 
fotuh  witn  3  parta  of  dry  carbonate  of  soda.     (If  the  fused  mass  be 


Be  of  mIcoImI  aai  sMlie  acid  ia  OTiler  to  re mo-v:— ' 
Ike  double  Rulpkale  tt  fstaah  waaA  leda  renuuns  k  ■ 
tCsle^  »tid  Uierefore  eniita  a*  Egfct  vben  dissolved  aa«a 
L)    CUoride  of  potassitiin  fowd  witli  aviphatc  of  8od»  liUewi^c-cs 
iM  lamuioiu  »p))ear&nce.     A  biiglit  light  U  siso  emitted  ^pjt" 
V^tari  «fti«a*te  ^l^potftih  fused  with  salplme  of  aoda,  whereby  crvslals 
iBt  iHcaad*  esomting  mainly  of  the  double  evIplBte  df  pot&sU  aua  eoda 
vMb  *Bt7  3  pef  cent,  of  cnromic  acid  :  moreovrr,  by  S  parts  of  bichio- 
^■teof  potash  fused  with  1  part  of  dry  carbonate  of  soda, — ia  wUich  cai^jn 
iijiililn  are  produced  liiivjng  the  fonii  of  palpitate  of  putaeh  and  eontaii^H 

as  atoms  of  chroniaie  of  putash  combined  with  1  atom  of  chromate  olH| 
t;  and  fiually  ty  a  mixture  of  1  atom  of  £cleniate  of  potash  with  1 
atOH  of  Biilpliate  of  soda.,  which  ptoduces  Crystals  hafin^  also  the  fonil, 
•f  sulphate  of  potai^li,  and  containing  only  5  per  cent,  of  seleuic 
together  witli  poiiLish,  sutla-,  and  sulphuric  acid.     (H.  Rase.) 

A   saturated  solution  of  fluoride  of  sodlunt  very  slowly  ev^pw^t 
emitted  a  great  numlier  of  bri^fht  sparks  of  a  pale  yellow  coloor.  whic 
pmoeede*!    Ktmietimes   from   oue  jsumetimea   from    another   part    of  tU< 
cryetalfl  as  lliey  formed,  increased  when  the  liquid  waa  dtstorbed,  and  did 
cot  cciiso  tilt  it  was  completely  evaporated.     On  repeating  the  expert-J 
ment  with  tbe  same  salt  and  the  eame  vessel,  nothing  farther  wa^ 
(Bersclius). — Likewise  observed  by  H.  Rose.     {Pogg-  52.  589.) 

A  solution  of  nitrate  of  slrontia,  which  had  been  for  a  ion^  tii 
expose*!  to  air  and  ligtit,  emitted  many  sparks  when  evaporated  and 
eiyi^allized  in  a  stonewure  vessel;  these  sparlcB  showed  themselves  par- 
ticularly when  the  erj-stala  were  touched  with  a  glass  rod  or  tnotalli^ 
wij*j  and  also  when  the  vessel  was  shaken.  On  redissolving  and  rerrvB- 
tallisinu^  the  sjlt,  this  appearance  waa  not  reproduced,  though  the  mode 
of  ciperimeutiiig  was  varied  in  every  fwsaihle  way.  (Pfaif.)  Likewise 
obwrved  by  Stieben.     {P/un-m,  Central  Bl,  1836,  400.) 

A  solution  of  S  pai'ts  of  acetate  of  jiotash  evaporated  till  it  oea«ed  to 
mretl  up,  and  fell  to  pieces,  shone  brightly,  when  left  over  the  fire,  as  if 
U  were  red  hot.     (Biicbuer.)     (Slow  combustion  1) 

On  subliming  bcniolc  acid  with  ^  of  ita  weight  of  charcoal  powder  on 
a  plate  covered  with  a  glass  receiver  and  stntngly  heated,  Blicliuer  ol>- 
aened  numberless  sparks  moving  up  anJ  down  as  long  as  the  sublimation 
continued, 

Addendum  to  the  remarks  on  the  incandeteence  of  hodiei  (p.  107); 
A  body  doea  not  always  increase  in  density  by  incaHdc^ccnce.  Umno- 
tantalitc,  which  exLibita  viviil  incandescence,  has  a  sp,  gr.  of  5*317 
Wfure  incandescence  and  5-485  after. — Incandescence  lakes  plaoe  without 
perceptible  development  of  heat;  at  all  events,  no  rise  of  temperature 
can  be  perceived  in  the  case  nf  oxide  of  chromium,  in  which  the  incan- 
descence ia  very  bri^dit.  (Tlio  development  of  light  observed  in  the 
cryslalliiation  of  aisctiious  acid  from  its  solution  in  iiydrochloric  acid 
is  likewise  nnattended  with  disengagement  of  heat.)  AVLilst  according 
to  this,  niiioy  bodies  in  passing  from  the  amorphous  to  the  crystalline 
state  merely  develop  light,  others  on  the  contrary  develop  heat,  e.  g,. 
grapc-su^  (p.  100).      H.  Boao,  Fogg.  52,  589.) 
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Stsokvmes,     Cettortc,  Chedfur,  Warmtttaf,  WaiiaemaUrie. 

Heat  or  Caloric  is  that  substance  wLose  entrance  into  our  bodies 
eopposed  to  occasion  the  eeoeation  of  warmth  or  Leal,  and  ita  egress  i 
sensation  of  cold. 

Physical  Propertiei. 

1.  It  is  invisible. 

2.  Without  wciffbt. — Oil  of  vitriol  and  water  have  tbo  same  weigl 
before  mixture  and  cooling  as  afterwards.  The  weighing  of  cold  av 
heated  balls  in  the  air  proves  nothing. 

5.  It  is  very  elastic,  and  sbowg  groat  tcmlency  to  expand.— Two  eaAilj 
moveable  botiics,  heated  in  vacuo,  repel  one  another, — a  proof  that  beat 
in  its  own  nature  repulsive.  (Frei-nel,  Ann.  Chim.  PAj/*.  29,  57,  and  107| 
also  Poffif.  4,  355.)— The  coloured  ring's  formed  between  a  lens  and  a  fli 
plate  of  glass  vary  in  tint  when  heated,  in  Guch  a  manner  as  to  ehow 
increase  of  di.'stance  between  the  Ichb  and  plate.  {Baden  Powell) — Ti 
fine  soft  powder  of  silica  separated  hy  acids  from  solutions  of  that  bvl\ 
stance,  or  itiagnesia  in  a  similar  conditiau  heated  to  redness  in  a  platinum 
dish  over  a  spirit  lamp,  appears  to  swim  in  the  dleh,  becomes  very  mobile, 
and  pliccs  itself  horizontally  when  the  dish  is  tnrned  on  one  side — an  cfiTect 
which  procecils  from  tbo  repulsive  force  of  heit  (or  from  the  eacape  of 
heated  air.'  Gm.?)     (Addams,  Pfiil.  Mng.  J.  18,  415.) 

4.  Through  a  vnenum,  through  elastic  fluids,  and  through  manvliqni 
ard  solid  bodies,  it  spreads  itself  out  from  its  origin  in  straight  Imei, 
liadiant  lleat,  with  a  great  and  hitherto  unm^^ksured  velocity.     Its  in 

*  lliU  seniifluid  state  of  a  palvemleut  salMtanoe  is  well  leen  vhen  tncarbotwte 
soda  is  heated  in  a  targe  crucible  for  the  pnrp<^»e  of  coitTertin;  it  into  c&rbonMe; 
in  the  cooversioTi  of  o^alntp  of  (reriuin  into  the  peroiide  of  that   metal   by  ignition. 
these  case*  the  effect  ii  evidently  due  to  the  escape  of  heated  gajei:  the  fine  pnrtickt  i 
the  powder  Jloat  in  the  atmaspheir  fonncd  around  them  bf  the  gases  before  tibej  fia 
esca[>e.     [W".] 
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wiltyTaiies  inversely  as  tUe  square  of  the  diataooe  from  the  radiant 
oint. — RajB  of  heat  may,  like  rays  of  ligiit,  Lo  cmiwntrat^d  by  motalHc 
lirrure,  but  not  by  glitss  mirrors  or  louses,  \>y  wluclt  they  are  almost 
"absorbed.     If  two  concave  metallic  mirrors  be  placed  opposite  oua 
itherat  a  distance  of  ?7  feet,  and  a  hot  body  placed  in  the  focus  of  on© 
[tLcm,  a  thermometer  in  the  focus  of  the  other  rises  immediately;  tinder 
1^  set  on  fire.     Ice  placed  in  the  focus  of  ono  of  Uio  mirrors  produces 
at  cooling  in  the  focue  of  the  other;  a  thermometer  suapendcd  mid- 
IT  between  the  two  mirrors  is  not  sensibly  affected.  (Pktot,  Oilb.  13, 
120.) 

A  Wily  placed  in  vacuo  or  in  the  air,  and  differing  in  temperature 
urn  tilt;  surruutiding  medium,  radiates  its  excess  of  heat  or  absorbs  the 
in  which  it  is  deficient,  with  various  dcijrees  of  fiR'ility  according 
>tte  nature  of  its  surface;  it  has  therefore  a  specific  J'aifiuCniff  and  Ab- 
nitg ponier,  to  which  are  opposed  the  Hetaiumff  and  ReAecilnff  powers, 
otliat  the  latter  increase  in  the  same  ratio  as  the  former  diminish, 
ad  tonversely.  If  the  radiating  power  of  a  surface  covered  with  lainp- 
'wk  be  iiasumed  =  100,  that  of  a  surface  covered  with  rosin  will  be  96, 
•^itii  sealing-wax  95,  with  crown-glass  90,  with  Indian  ink  88,  with  ice 
'S,  with  isinglass  and  red  lead  80,  with  graphite  75,  with  folished  load 
19,  i»ith  polished  iron  15j  with  polished  tin,  copper,  and  ^old  12.  (Leslie.) 
-Black  wool  has  greater  radiating  and  absorhing^  power  thau  green; 
icn  follows  red,  then  yellow,  then  white.  {Stjirk,  N.  Ediub.  FhU.  J.  17, 
•S);  on  the  contrary  :  (Baden  Powell,  ib.  17,  228.)^I{uHghne(i8  of  snr- 
't!o(!s  not  increase  or  diminish  the  radiating  ami  absorbing  power;  ia 
'CMP  of  rolled  or  hammered  motals,  it  is  increased  by  scratching  thd 
BHate,  because  the  denser  surface  is  thereby  removed;  bat  with  cast 
Mltag  it  IB  diminished  by  the  same  treatment,  because  the  pressure  caused 
"' »Cfiitcliing  incrca'jes  the  density  in  particular  places.  (Mellonl.) 
It  is  commonly  supposed  that  a  body  placed  in  the  air  or  in  au  empty 
'  is  constantly  radiating  a  portion  of  ita  heat,  whatever  may  be  the 
?ratare  of  the  surrounding  boilies;  hut  since  these  bodies  radiate  heat 
tW  same  manner,  the  lirst-montioned  body  receives  heat  from  tbem  at 
^nine  time  that  it  gives  out  heat  to  them.  If  the  surroanding  bodiea 
*»e  the  same  temperatnr*?  with  the  first,  the  quantities  of  heat  emitted 
*OiJ  absorbed  will  be  cfjual,  and  the  temperature  of  the  first  body  will 
"^  aain  the  samo;  if  the  surroundiiii^  bodies  are  colder,  it  will  radiate 
ftro  that)  it  receives  and  will  cool  down;  if  they  are  hotter,  its  tempera- 
will  rise.— It  is,  however,  supcrSnous  to  suppc^e  such  an  interchange 
[heat  to  take  place.  For  when  two  bodies  separated  by  air  or  an  empty 
we  are  equally  hot,  the  elasticity  of  the  beat  is  the  same  in  both,  oacn 
hobi  the  other  in  check,  and  the  heat  in  both  bodies  will  remain  at 
feet  rest:  when,  on  the  contrary,  one  body  is  colder  than  the  other, 
'  tension  of  the  lieat  in  the  former  will  bo  less  than  in  the  latter;  and  in 
luouce  of  this  difference  of  tension,  a  quantity  of  heat  will  radiata 
the  hotter  to  the  colder  body  until  the  etj^niUbrium  is  established. 
Difference  of  refrangibility  oxisla  among^  calorific  as  well  as  among 
oinotis  rays;  the  hotter  the  source  of  heat  {e.g.  tho  sun,  an  Argand 
ap,  white-hot  platinum),  the  greater  is  tho  number  of  tho  more  refrangibto 
f%  emitted  from  it;  the  lower  tho  temperature  of  the  source  {e.g.  metal 
iivA  hut  not  to  redness,  vessels  filled  with  boiling  water),  the  greater 
li©  number  of  the  less  refrangible  rays  which  it  emile.  Every  source  of 
howetet,  sends  forth  a  mixture  of  calorific  raya  of  the  most  Tariona 
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Jegwea  of  refraDgibility,  the  proportion  only  varying  according  to  tho 
nature  of  Iho  source.  For  these  different  rays  of  heat  bodk**  exhibit  dif- 
ferent absorbing  powers.  Snnw,  whoecj  wLiteness  sbowa  that  it  reflects 
the  variously  refranpiblo  rays  of  light  in  equal  proportion,  absorbs  chietiy 
the  Ie*s  refrangible  rays  of  Leat  an<l  reflects  the  more  refrangible.  Hence 
it  does  not  melt  so  (juickly  in  direct  Hunshine  as  in  tho  neighbourhood  of 
fiteaia  of  trees  and  other  solid  bodies,  which,  when  warmed  by  the  suu'i 
rays  emit  calorific  raya  of  less  refrangibillty, — not  so  quickly  when  freely 
expoaed  to  an  Argand  lamp,  as  under  a  covering  of  black  paper  which 
does  not  touch  the  aoowj  not  so  quickly  by  the  rays  of  an  Ar^nd  lamp 
as  by  thoBe  from  a  pir^ce  of  metal  heated  to  400°,  when  both  are  pi&ccd  at 
Buch  a  distance  that  their  heating  powers  are  equal,  ike,  (Mellont.)  Thi« 
scents  to  show  that  the  more  refrangible  rays  of  heat,  when  they  are 
absiorbed  by  bodies  and  iiftcrwards  emitted  from  them,  arc  convcrled  inlc 
rayss  of  less  refrangibillty.  Lamp-black,  on  the  other  hand,  appears 
ohicfty  to  absorb  the  more  refrangible  raya. 

A  bcidy  cools  in  vacuo  the  more  quickly;  1.  the  greater  the  radiating 
power  of  its  surface;  2.  the  greater  the  extent  of  its  isurfaeo;  3.  tbe 
smaller  its  mass;  4.  the  less  it«  s])eciBc  heat;  5.  Un;  higher  the  nbsoluto 
temperatures  of  iho  body  and  the  surrounding  bodies  and  medium,  with 
equal  diftereiic*  of  tempemturu  (thue  a  thermometer  healed  to  100°  cool* 
less  quiclily  in  an  empty  space  at  the  temperature  of  0"  than  it  would  if 
heated  to  IHiT  and  placed  in  an  empty  space  of  tho  temperature  of  80*). 
— Uulong  and  Petit, 

Dufav,  Maycock,  and  Prevost  discovered,  some  years  ago,  that  of  tho 
raya  of  heat  which  fall  upon  a  thin  plate  of  glass  a  vmuU  portion  are 
transmitted;  Dclaroche  also  showed  that  the  iiunsbcr  of  ray>^  transmittod 
increnaea  a<i  the  tem|:)eniturc  of  the  eource  of  heat  approaches  tv  that  of 
ignition,  and  that  rays  which  have  parsed  through  one  plate  of  glaea 
fluffer  much  lesa  diuiinution  by  Iransmisision  through  a  second;  Br«nde 
likewise  saw  (A/in,  Chlm.  Phys.  19,  201)  a  thermometer  placed  in  the 
foouB  of  a  plano-convex  lens  held  towards  the  flame  of  burning  oleliant 
gas  riiSfl  about  2  5'  C,  whilst  the  lens  was  not  sensibly  healed.  To  these 
observations  have  since  been  added  tho  following  important  discoveries  of 
Meltoni,  who,  in  his  experiments  made  use  of  the  thernio-niultiplier,  an 
instrument  depending  upon  thermo-electric  action  and  highly  aeneilde 
even  to  the  smallest  variations  of  temi'cratape.  All  transparent  sub- 
Bta.nce3,    even   those   which   are  so  dark-coloured  as   to    appear   almost 

2)aqne,  like  black  glass,  crude  pyroligneous  acltl,  and  balsam  of  Peru^ 
low  raya  of  heat  to  pass  through  them,  though  in  ditlereut  quantities 
and  of  different  (jualitief!:  with  reference  to  this  property  such  bodies  are 
«aid  to  be  dinShtt-niawiui.  Common  salt  transmits  all  rii^'s  of  heat  equally 
wellj  most  diathermanoua  bodies  chiefly  transmit  the  more  reframgibla 
and  abairb  tho  les3  refrangiblo  rays  (common  salt  covered  with  lamp- 
black is  the  only  eubstanco  chiefly  pervious  to  the  less  refrangible  rays). 
Of  100  rays  or  heat  proceeding  from  an  Argand  lamp  and  falHug  on 
plates  of  the  following  substances,  0  002  metre  in  thickness,  the  quanti- 
ties transmitted  are  aa  follows:  Transparent  rock-salt  f^JS,  flint-glaas 
87,  sulphuret  of  carbon  and  proto-chloridc  of  sul)>hur  63,  double  refiact- 
ing  spar  and  rock  crystal  62,  smoky  topaz  57,  Braziiiati  topaz  54,  trans- 
parent lead-spar  52,  crown-glass  49,  white  chalcedony  3,i,  translucent 
hea\-y  sjiar  33,  oil  of  turpentine  31,  fat  oil  00,  tram^parent  aqua-mfiriue 
20,  traualoceut  borax  28,  green  Biaziliaa  tounnalln  27,  brown  baUaro 
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tnuulucent  odularia  24,  etLer  21,  transpfirent  gypsum  20, 
si  17,  nitric  acid,  alcoliol  ami  citric  acid  15,  transparent  alum 
It,  iratur  II.  Tii»i  non-trftoaniitted  portion  of  tlie  caloriHc  raya  is  partly 
p.flr-rtcrt, partly abiiorbeti,  Witb  rock-salt  reflection  iilone  talies  pJace;  for 
•'  of  thia  dubr^laucBj  0048  metre  tliick,  transmits  as  many  rays  as  one 
Auivli  in  ()002  motro  in  ttiickuess, — whilst  two  tliin  platcaof  rock-eialt  laid 
on"  upon  tbe  olhei*  transmit  loss  light  ou  account  of  the  doulile  reflection. 
Hencv,  of  lUO  rays  of  lioat  fallin;^  perjtendicularly  upon  rotk-sjilt,  923  are 
tnnsmittod  and  7"T  reflocteJ:  w|ji?n  the  iuyidence  i.s  oblique,  the  quantity 

*  f  ■  luii  is  (ionienrhat  greater.     With  other  diathcrmanous  bodies  a-lso  the 

ity  uf  heat  rpfleetoJ  amounts  to  7"7  per  cent,  (athennanous  bodies 
wii'ci  a  igreat  doal  more,  c.  y.,  hvaas  \1'3  times  aa  much).  But  these 
diitlierm.inoua  bodies  likewise  absorb  various  quantities  of  tlio  less  rofran- 
RiWij  lu'iU-niys  which  fall  upon  them,  tlio  quantity  absorbed  being  in- 
crtiwiiig  with  the  thicknejss  of  tlieir  mass.  Double  refracLitig  spar  0002 
iu«L  (hick  tran^initd  62  per  cent,  of  heat,  and  at  the  thickness  of  0'092ai. 
ontjr  5.1  p.  c;  plate-g!asa  of  the  thickness  of  0-002m.  transmits  Gl*9 
p.r,;  of  0004m.  57'G,  and  of  OOOSm.  55'8  p.  c. — By  means  of  a  lens 
"frock-salt,  rays  of  heat  may  to  brought  to  a  focus, — or  if  they  proceed 
ffnui  the  focna  they  may  bo  refracted  in  parallel  lines  just  as  well  sts  raya 
tif  ifglit  by  a  glass  lens:  the  focal  distance  for  heat  however  is  somewhat 

Slater  that!  that  fur  lij^ht,  because  the  calorific  i-ays  are  less  strougly  re- 
.  Cted.  Rock-saU  transmits  rays  of  heat  of  all  degrees  of  refrangibility, 
^'as  Tchite  glass  transmits  all  the  luminous  rays.  But  mo£!t  other  diai- 
''Sfnmtious  bodies  give  passage  chiefly  to  the  more  refranjfible  rays  of' 
"'''it,  iv:  violet  glass  tranprait-i  the  more  refrangible  rays  of  lijj;ht.  Rock- 
"'''  blackened  with  lamp-black,  which  transmits  in  preference  the  less 
"f^fini^ibie  rays,  is  to  a  certain  eitent  sBalogous  to  r&l  gla.s8  in  relatiou 
''•'  ^'yiit.  Glafi?  coloured  bluish  green  with  oxide  of  copper  appears  like- 
se  to  absorb  the  more  refrangible  rjiys  of  heat.     When  the  light  of  the 

*  i«  made  to  pass,  first  through  water  which  absorbs  the  less  refrangible, 
•^•n  through  glass  coloured  with  oxide  of  copper  which  takea  up  tho 
"'*'■'»»  refroDgible  rays  of  heat,  it  is  totally  deprived  of  its  heating  power. 
(Metloni.) 

When  the  light  of  the  sun  is  transmitted  tlirotigh  a  prism  of  crown- 
f^^^  which  throws  the  maximum  of  heat  into  the  red,  and  the  dark  part 
"^the  beat'Spcctrum  situated  boyoud  the  red  is  divided  into  eti  zones,  the 
octermost  of  which  shows  the  srime  temperature  a  a  the  violet,  the  next 
e  Mutie  tis  the  indit;o.  See,  it  is  foimd  on  interposing  a  film  of  watei*, 
f>01  metro  in  thickness  (or  a  pbito  of  gypsum  or  alum, — glass  acts  less 
(•ogly),  between  the  prit-m  and  the  spectrum,  that  the  heating  power 
sioisbcs  more  and  moro  as  tlio  dii^tance  from  the  violet  increases, 


^      d  ^       si      S,  Zone, 

hMitthefilmofw«t«r   2'   5°     r    12°   25°    29°   32°   29°   25"   12'   3°   5'      2' 
llu!  film  of  water..     %     ■*•&    8      10      20      21      20      U       9        »      I      O'S    0 

r«t*r  in  fact  absorbs  the  calorific  rays  the  more  completely,  the  less  rc- 
ingiblf  Ihcv  are,  whilst  it  tr.insmits  cfjnipletcly  tho  most  refrangible  ravs 
U  the  Tiolet'exlreniity.     When  the  film  of  water  is  0'3  metre  thick,  the 
uaxittitim  of  heat  is  found  at  tha  coiunieaccniettt  of  the  green,  and  tlie  beat 
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?)cctruHi  extends  but  a  littk'  way  beyond  (lie  reJ  into  the  dark  f[Hic«. — • 
1)4S  vxpUinfi  SecUvk.'^  iliKi-uverv  ii*«-s^  \G5),  vtz.  tliAt  the  maxioiuui  of 
heat  in  fitund  ia  tlifTDreut  parts  of  tho  ^jicctniiu  a^'Cording  to  the  nature  of 
the  [iriHiu.  The  stiiHller  the  number  of  calorific  ra.ys  wtiicb  any  eu'o,stauce 
traiiKiiiiLa  (p.  21."j),  wbil*>t  it  retains  the  lees  refrangible  rays,  tho  umro 
nearly  does  the  maximum  of  heat  in  the  Epeetrum  furmcd  by  a  prism 
made  of  that  subatauce  approach  to  the  violctj  whence,  accordinjf  to 
Seobeclf,  a  prism  of  water  places  it  in  tlie  yellow,  of  oil  of  vitriol  iii  the 
orange,  of  crowo-gla£S  in  the  red,  uf  flitit-glass  l»eyond  tbe  red;  aud 
with  a  prij-m  of  rock  salt,  which  complt?tely  transniits  even  tbe  lea;&l  re- 
franirlble  ravf,  the  maximum  of  heat  is  situated,  according  to  Melloni,  in 
the  dark  space,  and  as  far  removed  from  the  red  as  the  red  itself  b  Crfim 
the  vjolet.  ^Vith  fome  glass  prisms^  the  maximum  of  heat  approaches 
more  nearly  to  the  violet,  in  proportion  as  the  ray  of  eolar  light  puMS 
thrvUfjh  a  thicker  part  of  the  prt*m, — because,  in  this  longer  passage 
thrcni»,'h  the  glass,  a  greater  number  of  the  less  refrangible  heat-rays  are 
retained.     (McDoni.) 

If  licht  and  heat  are  regarded  as  identical  in  suhetance.  It  may  be 
bupposed  that  the  rayg  of  heat  approach  more  nearly  to  those  of  light  ia 
proportion  as  their  motion  i.s  more  rajiiJ  (which  also  impliC'S  increased 
refmngibility),  Tbe  hotter  the  source  of  heat,  the  greater  is  the  nnmb*? 
of  the  more  rapidly  moving  calorific  rays  emitted  from  it;  and  iheee  paa 
without  sensible  absorption  through  giass  and  other  diathcrmanous  bodies, 
and  then  atsu  through  several,  whilsst  the  more  slowly  moring  heat-rays 
are  absorbed.     (Ritchie.) 

IT  The  subject  of  Radiant  Beat  has  lately  been  further  investigated 
by  Knoblauch.  {Pogg.  70,  205  and  33T;  71,  J:  abstr.  Ann.  Chan. 
Ffiami.  74,  193.)  The  priiicijial  rcriults  obtained  by  this  philosopher  are 
as  foIlowB, 

1.  The  qaantUt/  of  radiani  heat  tramtmitted  through  dtathermanovt 
bodiet  it  not  (as  former  eiperinients  seemed  to  show)  diredhf  profortionai  ' 
to  the  ttmperature  of  the  sanree,  but  deji^idjt  oulff  on  the  eunndfution  of  the 
diat/iennanoue  hodt/, — fach  bod^  beirtgi  permeated  6y  ^rlain  cahrific  rat/t 
more  rraddif  llian  bt/  othfn,  whttfttr  t/mse  rat/a  are  rmHttd  at  a  hiffhfr  or 
at  a  lower  temprrattirf. — Thua  when  rays  of  heat  frftm  incHndescent  pla- 
tinum, the  flame  of  alcohol,  of  an  arj^and  lamp,  ami  of  hydrogen  ga*, 
were  made  to  pass  through  colouHe«a  gla«s  and  alum,  and  then  to  fall  on 
athermo-mnlliplier,  the  distance  of  which  was  sii  adjusted  as  always  to 
gire  %  deflection  of  20"  by  direct  radiation  when  the  dtathermanou;*  bodies 
were  removed, — the  following  results  were  obtained: 


Soiircej  of  Heat. 


Ineaadescent  platiaum 
Flame  of  alcobol, . . . . 

Argaad  lamp   

Hydrogen  gm 


Direct 
Radiation. 


20" 
20 
20 
20 


Colourless  gtaia 
1-3"  thick. 


12° 

11 

15 

12 


ll""  Oiirk. 
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Through  rhombohedml  talc-mica  {Kali-nnd  ma^nttia-f/iimmtr),  the  heat 
from  tlie  flame  of  hydrctgcn  passes  less  easily  than  thai  from  either  of  the 
other  three  sources. ^ — By  experiments  made  MJiJi  a  cubical  vessel  con- 
taining hot  water,  also  with  a  cylinder  of  untinncd  iron  heated  over  au 


H^^ 


wm 


_  latinum  ■wire  heated  to  various  dc^ 
it  wii3  likewise  found  tlmt  wLcn  tlio  boat  einittod  from 
».oe  and  the  same  body  at  various  temperatures  is  made  to  ptiaa  througli 
different  diathcnnanous  bodies,  tlie  quantity  of  heat  tmtisuiittetl  i@  not 
pmportional  to  the  temperature  of  the  source,  but  depends  upon 
luiturc  of  tLc  dtatLermaoous  media, 


uch 


2.  With  regard  to  the  heating  of  bodies  by  radiation,  Knoblau 
phowa  tbat:  The  heat inp  effect  produced,  tvhen  (he  radiated  heat  wAteA 
rratAe*  the  bodies  it  of  ijlv^n  iiileimhj,  in  totaUi/  independent  of  the  tcr^M 
ptratun  of  the  lource,  and  deti-rmined  onli/  %  the  natum  of  the  alrorS^ 
im/  hodift,  which  receive  eerhtin  raf/»  ttwre  rmdih/  than  others. — Tlius 
when  the  beat  from  an  Argand  lamp  and  a  metal  cylinder  heated  to 
1*0°  H,  -wa^  made  to  fall  on  a  plate  of  metal  covered  with  lamp-black  on. 
Ifae^idc  turned  towards  the  thormo-pile,  but  having  iU  other  side  covered, 
ia  one  case  with  carmine,  ia  the  other  with  black  paper,  the  foUowing- 
r&snlts  were  obtained: 


Snartxa  of  Heat. 

Direct 
RadiatioTi, 

Interposed                   J 

Carinine. 

Bkck  Paper.   ' 

\t%mn<i  tamp 

Cylinder  heated  b)  eo*  R.  ..... . 

3i° 
SO 

50 

9-50' 
1375 
10-87 
15-62 

10T&° 
15-2& 
10-12 
IfOO 
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To  determine  tbo  manner  in  which  the  heating  of  bodies  by  radiation 
ifl  affected  by  their  tbieknes-s,  experiments  were  made  with  a  niet&l 
plite  covered  witb  layeri?  of  varoi»h,  &c.j  of  various  tbicknessos,     Tl 
following  table  exhibits  the  re^uh«. 


Metallic  Plate. 


Ka)(«d. 


Cohered  with 


Leyen  of  Varaieb. 


Lajeris  of  Black  Lac. 


thiu      thick    thicker  iliekiiai    tUu 


liwufi 


6-50 

10-50 

6..M) 

10-50 


8-25 
15  12 

*t-25 
1812 


S-25 
15-()2 

9-50 
20-12 


8'25 
15-J5 

{1-50 
20-75 


7  12 

U-50 
912 

IB'62 


8-25  8-62 

1025  17-37 

9-67  11-02 

20-25  21-a7 


9-5 
1812 
12-00 
£2-12 


HcQco  it  follows,  that  witliin  the  limit*  of  these  experiments,  the  tiih- 
daneti  employed  are  more  strong! i/  healed,  in  proportion  as  their  thtekness 
it  ffreaier.  rrccieely  the  contrary  result  was  obtained  by  Leslie  and 
McHoui.  The  dificrepiincy  is  explained  as  foilnws.  The  amnuut  of  heat 
imparted  to  a  body  by  raSiation  iDcreasen  in  proportion  to  the  number  of 
absorbing  layers  to  M'biuh  the  heat  can  penetrate,  But  the  bcatiug  effect 
aitaina  its  maximum  at  a  certain  thicknew!,  beyond  which  the  heat  im_^ 
parted  by  radiation  cannot  att?iiu.  Now  in  Knoldauch's  ojipcrinit'til 
tbo  thickacBd  was  never  too  groat  to  allow  each  eucoe«aivo  layer  to 
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heated,  and  thus  to  act  ti|>on  the  metallic  Bttrfkce.     In  the  obserratioi 
of  Leslie  and  MeUoai,  on  the  contrary,  llie  interposed  diatiiermiitmi: 
plates  were  so  thick,  that  only  a  small  portion  of  itie  heat  absorbed  petio*! 
trated  to  the  side  which  was  turned  tovranls  the  thermoscupe, 

3.  With  respect  tu  the  ladiating  powef»  of  diffcteot  substances  alj 
the  same  temperature,  Kaoblauch  contrms  the  law  laid  down  hy  Mellani, 
viz,  that  the  radiating  power  of  a  body  it  infiufnced  Itf  icmtc}nn<j  its  tut 

face,  only  in  bo  far  at  its  demittf  and  hardntit  are  tAerehy  (dtettd: — alaol 
the  reault  previously  ohtaiaed  by  both  Rumford  and  Slelloni,  tliai :  th 
rudiatinff  powe-r  increaxes  with  the  t/tickiteM  of  th^  radiaiiiuf  film, — a  lai 
which  furniahes  another  proof  of  the  correspondence  between  radiation 
and  ab3or|>tion,  Knoblauch  likewise  observer  that  the  ermality  of  the 
raiiiating  and  absorbing  powers  ig  absolutely  true  as  regarik  one  an<l  lli 
Eatue  body;  but  that  with  respect  to  different  bodies,  it  cannot  be  roain- 
tatiied  that  a  body  which  at  a  certain  temperature  exhibits  a  highec 
raJiating  puwnr  than  another,  necessarily  also  possesses  a  greater  absnrli 
ing  power; — for  the  proportion  between  the  fjuantitiea  of  heat  absorl 
by  two  bodies  varies  with  the  nature  of  the  calorific  rays. — Lastly,  it  ifl 
shown  that  the  radiating  power  of  a  body  is  the  same,  however  different 
may  be  the  calorific  rays  by  which  it  is  heated, 

4.  The  heat    radial^t  from   tk*   nwtt  variom  tolid  bodUv,   s^ueh 
meial,  tcoml,  ftoreeltiin,  htitAt'r,  cloth,  pmt^Mard,  ^x.—of  dij^'ertnt  tikiek^ 
nrtstg  afid  dijferrnt  conditiouB  of  surface  appears,  when  tfsied  iy  aff  (h 
mean*  at  otir  comtuftnd,  (o  fit  of  the  tame  nattut,  in  whaUrer  mnniier 
ma  If  have  been  e^ctttd, — In  the  experiuiont-s  by  which    this  result    woMj 
obtained,  the  teiiiperaturea  of  the  sources  of  heat  varied  from  25°  t^> , 
80*  R. — This  result  is  of  some  interest  with  reference  to  the  determina- 
tion of  specific  heat]  for  if  the  ice  in  the  calorimeter  were  to  absorb  the! 
heat  radiated  from  djfteront  snbstancea  in  dlft'erent  degrees,  the  quantity 
of  ici^  melteil  would  not  be  a  direct  measure  of  the  quantity  of  heat. 

5.  Alteration  of  hcnt  6y  Jrrtyii/ar  Refection.     Melloni  has  rciaarkedJ 
that  a  white  surface  reflects,  with  various  ilegrees  of  intensity,  the  heat  ofj 
a  Locatelli'e  lamp,  according  as   it  is  used  with  or  without  the  glw*| 
cbiuiney, — also  the  heat  of  incandescent  platinum,  and  tliat  of  a  metal j 
cylinder  heated  to  400"  C. — Metallic  plates  with  rough  surfaces  are  tbej 
only  bodies  which  reflect  equally  the    beat   from    all    sonrces, — whilst 
lanip-hlack  gives  a  scarcely  perceptible  dispersion  with  any.^The  fol- 
lowing- table  contains  the  results  of  a  nnmber  of  experiments  in  relation 
to  this  subject.     The  source  of  heat  used  was  an  Ar^ad  lamp,  and  the 
heat,  after  reflexion  from  the  various  substances  mentioned  at  the  head  of 
the  table,  was  made  to  traverse  the  several  diathermanous  media  men- 
tiouetl  in  tbe  first  column, — the  object  being  to  delcrmiiie  whether  the 
calorific  rays,  after  dijiruse  reflectiou  from  those  various  surfaces,  would 
pass  through  the  different  media  in  cqnal  or  unequal  quantities. 
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HEAT. 


mrm  *t  WM  reflected  from  certain  Itotnogeneoos  bodies  pnaaed. 
tBti  ftMartioB  tliruucli  the  <liathennai]ons  media,     Such  wa 
tM  «>»  triA  kucbwoud,  cork,  aiitl  inn)io^>any ;  alKt  with  tha  eiioplc 
«iBib  amA  aiuilic  alloys. 

Mmi  if  tiierfj\/rf  aflrrtd  6^  difftite  irfieciion  in  very  diferrrU  wajfM^ 
«•  It  A^pt  Afnv  h>i  mm''  fioJirt,  not  at  all  b^/  others.     Tbe^e  attt^Ritiuiis,  in 
^«Mt«f  vnimltiiljcii  bodies,  are  bJejiuiideut  of  iha'tt  ile^ce  of  rougli- 
■■m:— is  ihe  case  of  inetuUic  surfuce^,  it  ia  even  iuilitlercnt  whelher 
lAvjr  w*  aacd  iu  a  stutc  uf  high  npeculur  |)oIi»li  or  in  any  odier  cunditioa 

By  Buklng  oae  of  incatnlcscotit  plutinum,  tl;o  flame  of  alcohul,  aad  a 
WmIm  SteUl  oylinJcr  a^  sources  uf  iicat,  it  was  found  (Imt :  Tfie  thangt* 
prmhteed  in  httut  l/jf  irrepuhw  ir/fcction  are  qfecle<l  hy  the  nature  of  the 
tt$mt  oj  hftU  ai  H'tf/  as  hif  tht  nitture  of  the  refttdinp  outface.  AaJ  In 
|i4rtieQW,  that  thy  modifii^ations,  wtiicli  are  voi y  CKUsidfrable  \a  the  rayOj 
«f  tlio  An^nd  lamp,  arc  less  iu  those  uf  red-liot  platiuam,  still  lees  ' 
uoav  of  tbo  alrobul  tLiinc,  aud  iu  tUc:  cws^  of  the  metal  cylinder  Leated  ' 
»oy  ieiHju'niture  between  20"  and  iW  It,  tliey  become  aW)liitoly  nothiog.^ 

It  is  I'tisijy  sveii  bow  by  these  modifications  the  rays  of  heat  reflpcted' 
Amb  different  substances,  may  to  a  certain  extetit,  alter  their  relations  one 
to  HBotber.  Thus,  the  beat  of  aa  Ar^iid  lamp  "("hen  reflected  iroiq^ 
cuwinv,  passes  through  gypsum  with  less  faeility  than  when  refleet€ 
bow  white  velvet.  The  rays  of  iueaiidesceut  phitinum  pass  equally  woL 
|]klvtt|tb  gypsum  after  roHeution  front  tlioso  surfaces  \  and  the  neat  of  aa 
aleoliol  fliune  pasees  through  tbttt  meilium  after  reSuctiua  from  carmine 
IMMt  tban  after  diffuse  rencetioii  from  white  velvet. 

On  rei>eiiting  the  esperimcnt^  with  the  four  abore-meutioned  sonrcea 
«/  beat  with  reference  to  a  diflorciit  object,  it  was  found  that  surfaces 
vhivb  aft'eet  ^qti  :flt/  the  rn\s  from  any  one  source  of  beat,  e.  ff.  of  au 
Aigsad  lamp,  likewise  niotlify  in  an  efjual  degree  the  rays  frum  any 
«4lirr  oouri'O.  Tlio  fnllowing  Yvi^U  contain  thoae  substances  wbicb  sotlter 
iW  tays  of  beat  in  siucb  a  manner  that,  as  far  a&  regards  their  passage 
tlu«it|^b  red  glaij«,  blue  gliuis,  alum,  rock-sitU,  calcspar,  antl  gypsum,  thcyJ 
MV  not  to  be  distingui-shcd  one  from  the  other.  The  bodies  in  (I)  bavr 
lilifwW  this  jieculiiirity,— that  the  heat  irregularly  rcSccted  at  thei 
Mrfucvs  is  undistinguii-hnhle  from  uon-rcQected  heat. 

(1,)  Guld,  siher,  platinum,  mercury,  iron,    tin,   zinc,  copper,  lead, 
aU«V  of  lend  Btid  tin,  brass,  German  silver,  untinued  iron  plate.     (2.j 
Qvptam,  ebiilk.  vihilc  lead,  white  oil-c«loiir,  porcelain,  linen,  white  j>aj>erj' 
Vino  ivajv.  wliito  cotton,  grey  calico,  Paris  green,  green  cinnabar,  cbruina 
V  Ilk   lae.     (3.)    Birch-wood,    cork,    mahogany,  yellow  marbl(!,| 

;  jtiitin,  thick  satin,  white  tallotajj,  black  taflelaa.     (5)   Blu( 

»  .  k  velvet,     (G.)  Yellow  leather,  broT\-n  nioroeeo,     {7.)  Li^bl 

.  cli>th.     (8.)  Blue  Hock-]>ai>cr,  green  fltH;k  paj^er,     (0.)  Whital 
:^^l  wool.     (10)  Cinnabar,  oxide  of  copjier. 
t1„-  fiHuwin^j  eubstanies,  those  contained  in  the  samo  dirisloa 
^  ^  but  not  exactly  equal  action. 

ne,  madder,  red  flock -pa  per.     (12.)  White  velvet,  white 

dork-paper.  (13.)  White  lead,  Diesabacb  blue,  (H.)  Blaiok 
,n  I'ii-clnth.  (15)  niaek  paper,  black  glass.  (16.)  Coal, 
..,.'.     (IT)  Lamp-black,  animal  charcoal. 

I..  .,  iit;  substances,  with  reference  to  the  disperEion  of  heat, 

u|^  ,.,    .  ^   -.1  A  ui  either  of  the  preceding  grmips. 

w^jL^  liMa»u*nue.     (19)    Peroxide  of  tin.     (20,)    Tannate  o'  -" 
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«xido  of  Iron-     (21.)  Indian  iuk.     (22.)  Red  taffetas.     (23.)  Groon  taf- 
[fetaa.     (24.)   DbtIc  red  Telvet.     (2.'i,)    Light  red  velvot.     (20.)   Green 
wlreL     (27.)  Bkek  morcKco.     ('28.)  Browa  Mandiester,     (29.)  Moth«r 
%f  pearl.     (30.)  h-ory.     (31.)  Charcoal.     (32.)  Brown  cnal. 

Il   ia  also  shown  that :   Th-e  chanfjfi  which  heat  undergoes  "by  difiue 
re^retiofi  are  wkolltf  dw  to  an  flecUve  abmrbinff  jKfXver  of  the  refiecthirf 
for  cfriaifi  of  (he  ailorific  rar/s  which  are   ne-nt  to  it.     In    this 
;t,  the  phenomena  are  perfectly  analogous  to  those  which  are  ob- 
JTve.l  in  tlio  diffuse  reflection  of  lumjncms  rays. 

With  tlio  exception  of  the  metal?,  wLicU  reflect  all  calorific  raya 
eqnaUj  wellj  and  of  charcoal  wliieli  absorbs  tliem  all,  it  cannot  be  said  of 
•By  eubctance  yet  examined,  that  it  reflects  beat  better  or  worse  upon 
tii«  wliole  than  another;  inasmuch  as  the  proportion  Taries  with  each 
ladiation. 

0,  The  prec<?"l)ii{;  results  show,  with  rej^rd  to  the  sources  of  heat 
empioyei],  that  the  diversity  of  tjnaiity  in  the  cniitteJ  rays  is  greatest  in 
the  Areand  lamp,  loss  in  the  incanJesceut  platinam,  and  etill  less  in  th$ 
LttJcobol  flanie.^wbile  in  the  cam  of  the  cylinder  heated  to  80^11.  it 
lisIiCT  altogether.  Generally,  the  heat  emitted  from  the  niost  varions 
id  bodies  between  the  femperaturca  of  50"  and  DO"  II  (1445^  and  234"5° 
k)  is  perfectly  homogeneoui  or  mojiochromatic. 
The  variety  of  calofrific  tints  in  the  heat  of  incandoecent  platinum 
increases  with  its  temperature.  It  is  not  however  univerealty  true  thatj 
of  two  sources  of  heat,  that  which  has  the  higher- temperature  has  also 
the  greater  variety  of  calorific  rays  ;  *■.  g.  red-hot  platinum  emits  rayo  of 
greater  diversity  than  those  emitted  by  the  flame  of  alcohol. 

It  is  likowi^c  remarkable  that  the  variety  of  calorific  rays  emitted 
bem  different  Bources  is  greater  or  less,  just  as  those  sources  contain  a 
grtater  or  less  variety  of  the  coloured  rays  of  light ;  thus,  it  is  evident 
tttat  the  flame  of  the  Argand  lamp  is  richer  in  this  respect  than  red-hot 
platinum,  and  the  platinum  richer  thin  the  alcohol  flame.  IT 

The  calorific  rays  of  a  body  heated  to  dull  rednesis  may  bo  polarized 
like  niys  of  light  (p.  164),  so  that  they  will  or  will  not  be  reflected  from 
(Mid  surface  and  afterwards  affect  a  thennometer,  according  to  the 

ition  in  which  that  surface  is  placed.  (Bcnard,  Gilb,  48,  384.) — Rays 

bent  may  be  polarized  by  transmission  through  tourmalin  or  micw, 
depolariued  Tiy  doubly  refracting  crystals,  i'c.  (Forbes,  Melloni.) — Baden 
Powell  denies  the  polarization  of  heat. 

According  to  Poulllct's  approximate  estimation,  the  Icinperaturo  of 
the  snn  is  between  Hfil''  and  1761°  C,  and  it  ?ends  annually  to  the  earth 

much  heat  as  would  mcU  a  stratum  of  ice  surrounding  the  whole  earth 
31  ni(?lrea  in  thicknesa.     The  temperature  of  space,  according  to  the 

t>©  calculation,  is  about  —  142'  C ;  but  this  likewiHe  imparts  yearly  to 
the  earth  a  fiuantity  of  beat  sufficient  to  melt  a  similar  stratum  of  ice  of 
the  thickness  of  26  metres. 

When  heat  is  restrained  in  its  radiating  motion  by  the  adhesive  forca 
of  lifiuid  and  solid  bodies  it  difi'uoos  itself  within  them  slowly  and  with  a. 
cTBcping  motion ;  it  is  eondncted  by  thoui. — According  to  Fourier's  iiypo- 
tlic«i«,  the  coudaction  of  beat  consists  in  ndifttiott  from  one  atom  to 
Uiother. 

CvndwAiiiij  power  of  nolUh.  The  metals  are  the  best  conductors  of 
htat.  If  the  conducting  power  of  gold  be  assumed  =  1000,  that  of  plar- 
tinno)  U  991,  of  silver  073,  copper  898,  iron  374,  xinc  363,  tin  304, 


lead  180,  marUe  24,  porcelain  12,  tiles  11  4.  (Deepreti.)  M  &  numW 
of  metallic  rods  of  equal  lengtb,  breadth,  and  weight,  and  cftvercd  with 
wax,  be  equally  Sicated  at  one  end,  the  wajc  on  the  copper  will  be  mcUed 
for  a  distance  of  35  inches,  oa  the  Bilver  2*5,  and  on  the  platinum  xai 
palladium  1  inch.  (VVollaston.)  C'omp.  N,  W.  Fischer  {Kastn.  ArcA,  14. 
147;  Po^ff-  li),  507;  52,  632. i— The  passage  of  heat  from  oue  eolid  body 
to  another  inclose  contact  with  it  causes  retardation.  ^DcspretE.) — N.  W. 
Fiacher's  assertion  {Pogg.  19,  513)  that  when  water  is  placed  in  contact 
with  the  heated  eud  of  a  metallic  l*ar,  the  heat  moves  on  to  the  cold  cad, 
Jia«  been  to  a.  certain  cxtoni  contirmed  by  Mousson  (Bitb.  nniv.  N.  S.  12, 
41tl)  but  contradicted  by  Schriider  {Po0g.  U,  135)  and  Biittger  (P<y^. 
50,  tiO). — Porou«  IjodicN  are  remarkably  bad  conductors,  e.  gr.  those  of 
organic  etructare,  such  as  wood,  wool,  feathers,  fifc. 

T  Seuamiont  (lY.  A^in.  Chim,  PAys.  21,  457)  has  inveatigaled  llio 
conduction  of  heat  in  crystallized  bodies.  The  mode  of  eKperimenliog 
waa  to  beat  a  cylindrical  ]ila.te  of  the  crystal  in  the  direction  of  its  aiis, 
and  trace  the  form  of  tlio  is<othermaI  curves  on  the  two  faces  by  means  of 
ineltud  wax,  A  small  tube  of  platinum  was  inserted  through  the  centre 
of  the  plate  in  the  direction  of  its  axisj  bent  at  right  angles  at  the  lower 
extremity  and  heated  by  a  lamj^,^-a  current  of  air  being  at  the  same  tiiao 
e«nt  through  the  tube  by  means  of  an  aspirator.  The  two  bases  of  the 
cylinder  were  covered  with  wax,  whii:]i,  being  melted  by  the  heat,  traoed 
out  on  the  snrface  a  carve  line  whose  form  was  dotennined  by  the  con- 
ducting power  of  the  crystal  in  different  direetioua. 

Plates  of  homogeneous  substances,  sucli  na  glass  and  zinc,  treated  ia 
this  manner,  gave  circles,  the  centre  of  which  wsis  at  the  sonrce  of  heat. 

Oji  a  plate  of  calcspar  cut  i«>rpendiculur  to  the  axis  of  symmetry,  the 
curves  were  cireloa  with  their  centres  in  the  axis.  On  plates  |>amllel  to 
the  direction  of  natural  cleavage,  the  curves  were  also  circles,  exhibiting  a 
alight  tendency  to  elongate  in  the  direction  of  the  principal  aection.  On 
plates  parallel  to  the  axis  of  symmetry,  and  having  their  plane  perpen- 
dicular to  one  of  the  fiiees  of  the  primitive  rhoinl>ohedron,  the  curves  were 
ellipses  very  regular  and  well  defined,  and  having  their  longer  axes  in 
the  direction  of  the  axis  of  symmetry,  The  ratio  of  the  axes  vros  1118, 
These  experiments  show  that  the  axis  of  symmetry  is  a  dircctiou  of 
greator  conductibility, — Similar  results  were  obtained  with  ^uartJi,  the 
ratio  of  the  axes  being  l^SI. — It  may  therefore  be  inferred  that :  In  media 
cotittliuitd  like  cr^sUils  of  iJu  rltcmboh^dral  sffnUfn,  Iki  comlueting  fxiwer 
varits  in  titch  a  wanner,  tkat,  f»piM»'m<f  a  ccrtln  of  faut  to  erut  wiV'in  (A^irtf 
and  On  medium  to  be  indejiniitli/  ficteudtd  iti  all  dirtttiotu,  the  uolkfrniai 
xttr/itces  are  co7i<xntric  eUipsoids  of  revoliUi<m  romid  the  axis  of  Sjfmnutiy, 
or  at  leait  turfdc^a  differing  hut  litUe  ihcrffrom, 

Ou  plates  of  gypsum  perpendicular  to  the  crystallographic  aii«|  the 
curves  were  cllipsem,  the  ratio  of  the  axes  being  1*23.  The  author  was 
unable  to  experiment  upou  plates  jierpendicular  to  the  direction  of  easiest 
cleavage;  but  there  is  every  probability  that  the  curves  in  this  case  would 
also  be  elliptical.  It  may  therefore  be  infcrrcil  that:  In  media  eongti- 
tutedUke  crifttal*  with  (wo  ojitic  axes,  ifve  tttppose  a  centre  of  heat  to  fjritt 
tnt/iin,  a}id  (he  cn/ttal  to  ht  indrHnkfltf  rxtendrd  in  all  dirfctiom,  (lis  ito- 
tlnrmal  mrfacfa  teiU  f«f  ellipsoids  with  three  uneqiutl  axes,  orcurtx  mrfaen* 
difering  tut  tittle  thtrrfrom.  It  is  probaldc  also  that  the  principal  axes 
of  theoe  isothermal  surfaces  coincide  with  the  crystallographic  axes,  wbvB 
the  lattor  are  likewise  aic«  of  symmetry. 
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K«  experiments  •wntQ  mndc  with  crystaU  belonging  tf>  the  ri.'gutar 
'  vprtMn,  on  account  uf  the  UitKijuUy  of  procuring  suituhlo  »>pecinions.     It 
h  ynhuhl^  however,  that  In  uicJui  of  this  nature,  tho  isotUeriiin.1  BUrfacfs 
voald  b«  epherlcal.  If 

ConJuelinff  Power  fif  LiquitU.  When  heat  is  coininutiicatoJ  to  tho 
witom  of  a  liquid,  rt  difftwcs  itself  cjuickly  and  uniformly  throughout; 
Mt,  however,  by  conduction,  L  t.  by  nwliatioii  from  piirticle  to  psirticle, 
kot  in  eonse*|uence  ofcnrreDt*  in  the  liquid  itself, — the  lower  portion, 
vhich  i.«  heate«i  and  thereby  expanded^  ascenJing,  whih?  tho  colder  and 
kisricr  ptjrtion  sinks.  The  communication  of  heat  from  the  upper  to  the 
lower  pirt  of  »  liquid  takes  place  so  slowly,  that  RumforJ  absolutely 
denied  the  existence  of  conducting  power  in  bodies  of  this  class;  it  hiis, 
bowpTer,  been  shown  to  exist  in  them  by  Thomson,  Murray,  and  DaJton 
(OUb.  H,  I2ft,  15S,  and  184*);  and,  .iccording  to  DesprotK,  the  conduc- 
liua  of  heat  in  liquids  tske^  place  ncconliug  to  the  same  Uw  na  m  golide. 
— Jatpecting  the  suppoaed  slower  cooling  of  warm  mineral  waters,  vid. 
haOfgsiit.wY  {Ann.  Chim,  Phi/si.  24,248),  Schweig^r,  Rcu39,  and  SoiJer 
(AV*»r,  3{>,  3H«),  L.  Gmcliu  (iV?- ",  451),  Kastncr  {Knttn.  Archiv.  \Q, 
40«;  18,  48»),  Wandcrlieh  {Wiriemb.  vied.  CorrMpond.  Blatt.  1837, 
457),  Chevalier  {J".  Ckini.  Mftl.  12,  37). 

Tfir'  r-,,f.lirig  of  heat«d  bodies  in  the  air  and  in  gosee  ia  due,  partly  to 
111'  ii  which  takes  jls  it  would  in  vacuo,  partly  to  the  immediate 

trj  ■  of  heat  to  the  particlea  of  air  surrounding  the  bodies,     Tho 

Utter  toniU-  of  commuuScatiou  is  not  affecteti  either  by  the  nature  of  tho 
Rtr&ce  or  by  the  absolute  tompcrature,  provided  tho  diflerenco  of  tcni- 
peralure  between  the  heatod  body  and  the  eurroundiug  air  lemaius  tho 
itttnt.*;  M>  long  o.^  the  elasticity  of  the  air  continues  unalterod,  its  density 
■i&y  Tary  in  any  way  whatever  from  change  of  temperature,  without  pro- 
•JociD^  any  alteration  in  the  rate  of  cooling.  On  the  other  hand,  the 
Tvluctty  of  cooling  by  contact  varies :  1.  With  tho  elasticity  of  tlie  several 
kiad*  of  gas — inasmuch  as  the  diminution  of  elasticity  cou.sequcnt  on 
IMciuuiic$J  rarcfitction  lemons  the  rate  of  coolin)^  in  a  proportion  which  m 
diflrereiit  in  the  different  kinde  of  gas;  2.  According  to  the  nature  of  the 
•nrroancliDg  gas — being  greatest  in  hydrogen  (whether  from  the  greater 
ncdtilily  of  that  gas  or  its  greater  capacity  for  heat  i)  les«  in  olefiaut  gsis, 
atill  ]c!M)  in  air,  still  leas  in  carbonic  acid,  and,  according  to  Davy  (.Scfitf. 
20,  IaiJ),f6lowc-5t  of  h!1  in  chlorine  ga».  (Similar  rcaulta  arc  given  by 
DkltoR  in  his  .Vru(  S}/»{.  1,  114.)  But  even  when  tiio  actual  velw;ity 
rluuige*.  ihe  luw  of  cooliiiif  by  contact  of  jjas  reinuins  always  tho  aumc, 
rix.,  that  when  the  difference  of  temperature  is  doubled,  tho  retoeity  of 
«OoUtig  incrwwca  2;].>  fold.  (Petit  and  Dulong.)  C'omp,,  Desprctz  (Ann. 
dim.  P/t'/n.  C,  1H4),  and  Prcvoat  {Mhn.  de  fa  SocUle  de,  Geneve,  4,  265). 
-^1  lice  of  the  air  accelerates  tiie  rale  of  cooling.- — Tho  observation 

t,i  ;i  that  mctttls  cool  more  quichly,  and  charcoal,  earthy  sub- 

■tauwMi,  iiud  liqiiidd  more  slowly,  witen   heated  in    the  tuu   than  when 
bcAted  in  tho  Hand-bath,  deserves  further  invc^^tigation. 

8.  Hctit  which  enters  into  bodies  expand*  them,  This  expsoeion 
Tkriini  greallv  according  to  the  nnturoof  the  sulMtance,  not  only  in  degree, 
Imt  kl«o  iu  tliu  law  which  it  follows. 

•  TliomKon,  Hifhoitatt't  Pliit,  Jovrn.toh  4,  p.  529/. 

Mam;  M  '•  vol.  1,  )i,  IC.'i  und  211, 

IMtoP)  MfmoirK^tkt  Svckly  of  Manchenler,  yoI.  5,  |ii«t  11.  p.  373  f. 
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All  fftufs  and  vapoun,  «.  jr.,  oominon  uf,  oxygen,  liydrogen,  nitrogen, 
cubonic  acid,  hydrochloric  acid,  &tid  sulphurona  acid  ga£,   aud  ether  j 
v^qwnr  expand  when  heated  from  0^  to  100"  C  by  0-373  of  their  rotanw,^ 
aceording  to  Gay-Lussac  and  Dalton,  and  from  0-364  to  0*365  according 
to  Rudherg.    The  latter  determination  gWes  an  expansio-j  of  -f\j  for  each 
degree  centigrade  (or  ^^  for  each  degree  Fah.);  that  is  to  say,  274  cuhio 
inebes  of  air  at  0"  become  273  c.  i.  at  +  1%  276  c  i.  at  2°,  and  375  cubic 
inches  at  100*j  at  274°  their  Tolnme  ie  doubled,  at  548  it  is  trebled,  and 
BO  on.     On  the  contrary,  274  measures  of  any  gas  at  0"  auSer  a  contrac- 
tion of  1  measure  for  each  degree  of  cooling.     274  nieiiaures  of  gws  ul  0' 
contract  at  —  20'  to  254  lueasures,  and  expand  at  +  30^  to  304,  at  +  80° 
to  354,  and  at  +  100°  to  574  meaeures.     Hence  the  volume  of  a  gas  uiea- 
i^nred  at  any  given  tern perat are  may  be  reduced  to  the  volume  which  it 
would  have  at  nnv  other  tempcrtitiirc ;  e.  if.  given  1000  measures  at  —  li° 
nMiuired    the  volume   at  0''!— (274  -  14)  :  27-t  =  1000  :  a-  =:  1053-8.— 
Given  1000"  measur^a  at  +  30°  :  what  is  the  volume  at  0?    (274  +  36)  : 
274  =  1000  :  r  =  884— Given  1000  meafiurea  at  27'  :  what  will  be  the  ] 
Tolume  at  lOOM    (274  +  27)  ;  (274  +  100)  : :  1000  :;r  =  1242-5.— Eteal 
when  the  heat  ie  increased  t"  300°  C.  the  expansion  of  difl'erent  gases,  u 
of  air  and  hydrogcu,  ih  exactly  the  same.  (Petit  and  Dulong.) — The  ex- 
pansion of  stmospheric  air  when  heated  from  0°  to  100^  is  constjuitly  the 
eame,  whether  it  be  subjected  to  a  pressure  of  yy,  \,  |i  ^j  1,  2,  3,  6,  or  15 
atmospheres.  (Davy,  Phil.   Transact.  1823,  204. )k— Common  air,  heated, 
from  100  to  low  redness,  expands  from  1  measure  to  2*25,  and  at  a  bright 
red  heat  to  more  than  2-50  measures.  (Davy,)^Aceor<i!ug  to  Muncke, 
i^pours  heated  to  their  boiling  point  expand  much  more  strongly  than  air. 

^  The  more  recent  ex-periraent?  of  Magnus  and  Regnault  have  shoim 
thnt  the  coefficient  of  expansion  is  not  exactly  the  same  for  all  gM6». 
The  dtfferenoeg,  however,  are  not  very  considerable,  as  will  be  aeen  from 
the  following  table,  which  gives  the  expansions  of  the  different  g&sea 
exauiued  by  these  philosophers,  between  the  temperatures  of  meliing  ice 
and  boiling  water.  , 


Nrune. 

Expulsion. 

Obs. 

Name. 

Expuuion, 

Obi. 

Air  ,..,,, 

0-rl6G5f) 
0-36651 
0-3h-6S'i 

o-Mcrs 

0-36566 
0-36tl21 

Rt. 
Mg. 
Rt. 

Carbonic  oiide  .... 
Csrhomr  eicid 

n           1 

Sulphurous  Acid, .  . . 

t.            it    -  -  t , 

tlydrochlaric  add. . 

0-3660- 
0-3lStjgS 
0.^69011 
0-39028 
0-38562 
0-36812 

Ec 

■I     .........1. 

HvdrDcea 

Rt 

Us. 

Rt. 

CiaooKn 

Hence  it  appears  ttiat  the  expansion  of  air  for  each  degree  centigrade 
is  equal  to  0-0030W5  of  the  bulk  at  0"  C.;  thia  gives  0-00204  or  ^^  f«r 
*ach  degree  of  Fahreuheii's?  scale. — Regnault  also  found  that  for  81100- 
spheric  air,  carbonic  acid,  atid  sulphurous  acid,  the  coefficient  of  expanfiion 
increases  with  the  tension  of  the  gas. 

The  laws  commonly  admitted, — viz.  that  tAe  expansion  of  any  ffcu 
bttufett  ffhvH  iimits  oflAe  temjwi-alvre  i$  indrpmdeiit  ii,f  ikt  inkinl  dentiiy; 
and  that  aU  ^aset  have  lAr  mmt  coe^eitnt  of  erfmnmon — arc  regardeil  by 
Regnault  a.-^  true  in  Om  limit  oiih/;  that  h  to  say — they  accord  more  and 
more  nearly  with  the  result*  of  olworvation  in  proportion  as  the  gases  m 
in  a  niciR)  expanded  state.  T. 
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f  0-0200 

Dalton 

001H87 

Cavendiih 

001818 

LuToiskr  sad 

p 

Laplice 

&     Mereury 

icoieis 

Unllstrem 

= 

o-oitjoi 

Slmckburgli 

ooieua 

Petit  aail  Ouloiig 

O'Uirae 

Deluc 

LflOl095 

Iluy. 

LtijitiiLa  lieiitcc]  frum  0'^  to  100°  C.  expand  as  foUowa. 

W«tet O-OICGi 

Sanirjjetl  Kiliitjati  of  nit 00500 

■'loi O'oeoo 

M.ric  icitl  (tp.  gr.  1*137)  «06()0 

iMsrv:  »dja  <»p.  pr.  iMd) (I'lIOO 

Akokol  (tp.  gr.  0-S17) O'UOO 

..,...,.,.  0-070O 

ftufpeutjae   U'0'00 

t«a 00800. 

100  mcosilree  of  lt(jui<l  ctirbonic  etcld  »t  ^20°  erpand  to  150  inei)- 

•urea  at  +  30.     [Sucti  at  least  is  tlie  cane  according  to  the  assertioD  of 

Thilorier  {Ann.  Vkim.  Pk\ff.  60,  427),  that  the  q).  gr.  of  tliia  acid  is  0!>0 

»l  —  20'j  0-83  at  0%  and  0(50  at  +  30  ;  but  at  tlie  same  time  bo  saya: 

meatiures  of  tbe  acid  at  C"  give  1 4.5  measures  at  +  30,  wliioli  in  iticott' 

rtt  witb  ibu  above].     It  is  certiiitt,  huwcTer,  tbat  tlio  expsinnion  of 

ltd  carlitiQic  acid  is,  ranch,  greater  thaa  that  of  gases.     Likewisoj  sui- 

pbiinius  acid   and   cyanogea   in   tbe   liquid   atntc  expand    itiuch    more 

strongly  than  other  linaids,  but  not  so  mncii  as  caTbonic  acid.  (Kemp.) 

Water,  wben  gradually  heated  from  its  freozJiig  ]ioiiit,  coiitracta  at 
(i^t,  and  does  nut  expand  till  its  ti^mperature  lioa  been  raised  soinowhat 
hi^licr.  If,  therefore,  it  he  at  tbo  particular  temperature  at  which  ita 
'it'iisitj  is  the  ^eatesl.  It  will  expand,  whether  heat  bo  added  to  or 
al)«trir-U'd  from  it.  This  point  of  maximum  density  ie  jdac«d  by  Dalton 
*t  2  22'  C,  l>y  Bhigden  &  Gilpin  and  by  Gay-Lassac  at  389°  (39"^ 
J"*!!.),  by  IlaUstrom  at  3*fr  {Pmjg.  34,  220),  Charles  at  399°,  Deepreti 
*•  <',  Hope  at  4-35",  Lefevre,  GJneau  and  Rumford  at  4'44",  by  Cricbton 
»«^3S5«,  and  by  Playfair  &  Jimlo  at  Sfflu!'  Fah.,  or  3-95'"  C.  {CImn. 
3,  204.)  Tlie  apparent  raaiintum  density  of  water  enclosed  in 
'  vehsels  is  not  attained,  according  to  Dalton,  till  5"5.5',  because  the 
el  expands  when  its  temperatnre  is  raiKwl  from  0  to  4",  (For  Hiill- 
*Wma  tnble  of  the  density  of  water  at  different  teiuperatnres,  vid>  Ann. 
<^'m.  Phjt.  2*1,  VS.) 

All  ai|ueou6  eolutiuna  of  ealta  and  eimilar  BubBtanoea  hare  likewise^ 
•tooirting  to  Deispretz,  a  maximum  of  donsity.  This  maximum  la  situated 
*^tttuch  tbe  more  belon-  4  as  the  solution  is  richer  in  salt,  and  generally 
•^en  below  the  temperature  at  which  the  solution  freezes  when  agitated; 
»|jil»t  till"!  lirjuid,  wben  at  rest,  may  be  cooled  below  the  point  of 
■Uzimum  density  wiiboiit  aasuroinia:  tbe  solid  form.  Solutions  of  3"7''9 
of  the  foUowing  i^ubstances  in  100  parts  of  water  have  their 
Utiia  of  iJeiifiily  and  their  freezing  potnt^  when  agitated  dtuated  at 
lAjlIowing  tenijtemtures : 


Max. 

Fr.  P. 

Max. 

Pp.  P. 

^itaib    

-5-(J4° 
7*01 

2  09 
2*85 

^ul)lhlltr  of  loda  ...... 

Common  Mtt    

Chloride  of  CklciDm. .  . . 
Dry  snlpliBte  of  copper 

4-75 
3*92 
062 

-2-30* 

Cub.  |)utuli 

Sttlphitn  of  potsab    .. ,. 
CirtionBteorsuilii...... 

277 

3'BZ 

i-;i2 

■;  The  eipansiou  of  iiijiiida  has  lately  been  fnrtbor  investigated  by  M. 
Isidore  PJerro  :  tbe  re*uUa  of  his  ex|erinients  are  contained  in  a  series  of 
aemotrs  puliii»h^«l  in  the  Annuh*  dr  Chimie  ei  ilr  Fht/ti'/tic,  3'  *M  The 
foliuwing  tabic  containa  the  tiuo  and  mean  ooelUoionta  of  expansion  of 

roL.  I.  <* 
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SabfltAdces. 


Temperatures. 

Tnie  coeffldeut. 

Me«n  cMlficieDt. 

0-0 

O'oni 

294 

iiy 

M-0 

0-001 

978 

592 

O-OOT 

563 

537 

0-i> 

O'OOO 

952 

572 

TOO-O 

0-001 

113 

mi 

O-OOl 

031 

167 

]  53-36 

0-001 

205 

180 

O'OOl 

053 

i2(i 

-    30-0 

U'OOl 

OSJ 

043 

fl'OOl 

096 

B'i6 

O'O 

O-OOl 

IIS 

932 

64-92 

0-001 

:i3o 

Ogft 

O'OOl 

282 

410 

20-09 

0-000 

952 

eac 

100-0 

0-0«l 

182 

181 

0-001 

0fi4 

922 

132-6 

ooin 

453 

206 

0001 

117 

913 

-      70 

0001 

OIC 

027 

0-noo 

970 

234 

00 

O-flul 

o;is 

IM 

63-0 

own 

Z)B 

fi77 

0-001 

1G7 

C73 

-    8'a 

0-flOl 

610 

m 

0-001 

737 

142 

-    25-85 

D-Oftl 

490 

377 

ao 

0-tl«t) 

UW 

479 

lOO'O 

0-(r(jl 

257 

7:i!) 

0-001 

157 

9U 

lCO-3 

0-001 

4C1 

72a 

(1001 

205 

933 

Chloride  of  nticittm 

t«  III       - .  *•  ■ 

Bromide  of  riUdoni'  - . . . 

••  It       .. .. . 

»•  II       ■ *  . .  » 

Chloride  of  itoetjl    • . . .  . 

ft  rt  *  •  ■ .  - 

t*  t»        *■,*», 

BrMoide  of  tteelj-l  ..... 

•*  I  *        * ...  * 

»»  hi  ..... 
Brmnbie 

«i  ^*    ..    .  .   .   r    .*   *  .     . 

«v  ............. 

'Snl^knrau  Mod  ........ 

ti  II    ....... 

Sal|>)ute  of  tiiide  of  ethyl 


.. 


It  will  be  seen  from  this  tabic  (I)  that  fnr  all  the  atxjvc  lifiiiidsj  both 
the  mean  ami  truo  cortficicuts  of  cxpaasion  increase  with  the  tempera- 
ture; (2)  that  for  tcmiicnitures  above  0"  the  true  cot'lHcient  is  greater 
than  the  mean,  xThoreiia  below  0'  it  is  lesa;  (0)  that  the  true  coefficient 
itiCKaseg  more  rapidly  thau  the  mean. 

In  the  fullottini^  table,  the  volume  of  the  Iiq«i<b  at  their  boiling 
pfiint  is  taken  for  uuity,  an  J  tUo  chaii;;»'C8  of  volume  are  given  for  all  the 
li'iajji)  at  c'jHiiJ  tiifctauws  from  their  boiling  points.  At  Ibc  heat!  of  each 
f'mnm  ia  ji^iven  the  bftilSni^  point  of  the  h(|ui(l,  together  with  the  baro- 
metric pressure  at  the  time  of  ohscrvatioii, — The  results  dctaileil  in  this 
tiJiIf  on*  of  especial  importatico  in  cnnitcction  with  the  equiviilent  vo- 
lumea  of  the  eereral  liquids  j  since,  acconlitj;;  to  Kopp  and  Schroder,  the 
^lUTnlent  volumes  of  liquids  should  be  compared  at  temperatures  equally 
<iu<l<iut  CruDi  their  boiling  points. 


NlWilwr  yf 

Wooil.(pirit 

Alcohol 

Fusel.ail 

A<%tate  of 
Methyl 

Acetic 
Ether 

Botymte  of 

Methyl 

piiint. 

S  P.  MHP 

B-  P.  7S-30 

B.  F.  ISl-SC 

B.  P.  50  6° 

B.  P  7414° 

».  P.  103  1" 

ti«r.  Jit""). 

itur.  JlSm"). 

(*<if.7il-S«""i) 

(*«r.  761  ■'»">') 

^tv,  Wi-"}.  iUr.  74»-fl--). 

0 

i-oooo 

1  0000 

1  -0000 

I  -omo 

10000 

1-0000 

S 

0-9931 

o-t»g;(s 

n-y!i:;2 

0-9'Ji3 

0'9932 

0-9924 

10 

0-<JMG3 

0-9S;8 

0-9SCS 

0'a^48 

osste 

09849 

15 

0  97M 

0'98ia 

0-9fitJO 

0-0  7  jr, 

0-9772 

0'9777 

20 

0-9732 

0-9761 

0-9;37 

09703 

0*9700 

0-9706 

25 

0-9069 

09703 

0-9676 

0'9C33 

0-9629 

0-9636 

30 

oycod 

0-9fl46 

0-9617 

0-9J04 

0'95r.9 

o-ysfift 

35 

0-'J547 

O'J,V.(0 

0-fl.-.59 

0-9l'J7 

091'J1 

0-950» 

10 

o'jiaa 

0'95:iG 

0-9.'iO3 

0-9431 

o'jiai 

0-9438 

45 

0-9430 

0-94  S2 

0-944B 

0-9367 

0-03.'.9 

0'&I37S 

Km 

0-9373 

09129 

0-!.'3y4 

0-930i 

0-9295 

0-9313 

■u 

ih-9yi6 

0'9:J77 

09342 

0-9243 

0-9233 

0-0251 

» 

0-J-J<10 

0-9325 

0-U292 

i)-91P3 

0"J172 

09192 

K 

tr92or/ 

0-11275 

09241 

U'9124 

o-;>ii2 

09133 

^» 

0-9225 

0-9192 

0-9065 

0-9053 

0-9075 

Namber  of 
iJegreK-g         AJraboI 
bdon 

F^iud-m! 

AwUte  of 
Mt'Utjl 

Etiirr 

ButrnMe  nf 
Metb;! 

t 

boiling 

H.  V.  TH-iP 

HP  TSi  «SP 

ji-  F. se&o 

B.  P.7H*s 

B.  f.  Itfi  1= 

J 

iU*.  7.1J!<«). 

l**-,761 -3)™»i| 

it4r.7<namii 

(W-TM-fit"). 

(*«-.7«-»™) 

n 

7S 

!)'!J176 

0-9145 

0-9010 

0  8996 

0-9«17 

m 

0-'JlZ« 

O'lxinn 

n-«35S 

0-8940 

08961 

83 

0-9n«l 

fl-5f05.1 

O-8890 

0-8886 

0-8»(l5 

M 

0-9034 

t-9009 

0*8843 

0-8833 

tt-8850 

M 

0-8389 

0-89Ge 

0'8;Be 

0-8781 

0-879* 

in 

0S9^5 

0-8ft2l 

0-8730 

0-fl74] 

1» 

0-8899 

0-88S3 

0-8691 

0'86R7 

IIO 

0-ltl85fi 

0-8841 

0-8833 

0-8fi33 

lis 

0-8801 

« 

D-H.iMO 

ISO 

0'87(il 

>l       . 

0-8526 

m 

0'8«a 

0-847S 

»o 

0  8fi83 

■  •• 

0-8419 

13b 

0-8fi44 

' 

uo 

o-86oe 

U5 

0-B56B 

1 

Nambcr 
of  degree! 

Bntfric 

tudide  of 

Isdide  nf 

.  Bromide  «f 

Bromide  of 

Ilydiocbtoric 

Gtb«r 

Etb;l 

MeUiyl 

Metlijl 

Etb;l 

£tb«r 

boUiug 

fl  />,  llSP 

M.  f.  Ttf* 

S.  f  43  8F 

A.  F. IS" 

B.  F.  WT" 

B  P.  11= 

point. 

(Jar.TJTiO"'" 

(UcTSIT™) 

(*«■.  7S0n«i.).  '  iW.  7SBm"J. 

(*w-  757«"«). 

(*w  rs*»-j. 

0 

I-OOOO 

l-OOOO 

1-0000 

1-0000 

10000 

l-OOUOOO 

5 

0'M33 

0-9y38 

0-9934 

0-9926 

0-9925 

0-992370 

10 

0-9RCS 

0-9875 

0-9863 

0-9854 

0-9353 

0-984530 

15 

0-9795 

0-9812 

09796 

0-9784 

0-9782 

0-977021 

20 

0-9724 

0-9762 

0-9733 

0-9715 

09713 

0-969827 

25 

0-9652 

0-9691 

0-9672 

09647 

0-9643 

0-962634 

30 

0-9583 

0-96.12 

0-9612 

0-9579 

0-9S80 

0-955552 

35 

0-9515 

0-9572 

0-95S2 

0-9509 

0-9516 

0-948538 

40 

0'944G 

0-9514 

0-9494 

0-9439 

0-9452 

0-941865 

4& 

0'937B 

0-9456 

0-!l437 

0-93K9 

60 

0  9313 

0-9401 

0-93BI 

0-9327 

« 

55 

0-9218 

0-9346 

0  ■93*^6 

0-9265 

60 

0-91il5 

0-9293 

o-y272 

0-9204 

» 

6ft 

0-9124 

0-9239 

o-yaia 

0-9148 

to 

0-90GS 

0-9187 

0-9163 

0-9091 

'1' 

75 

0-900? 

0-9105 

0-9108 

I 

80 

O'Mso 

0-y08l 

85 

0-8895 

0-9034 

90 

0-8840 

0-8984 

— 

95 

0-8?87 

0-8935 

100 

0-8  ?34 

0-S88; 

105 

O'SCaii 

110 

0-8G30 

5 

11& 

0-8579 

'( 

120 

0-8527 

125 

0-84?6 

fi 

l.'U) 

Q-»rii 

*, 

135             f<at73     j 
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Chlorule  ot 

Bromide  of 

Chloride  of 

firomide  of 

BicUornle 

Bichloride 

Acrtyl 

Aee^l 

^cium 

Siiidiiuit 

of  Tin 

ofTUauiuin 

ffP-SiSS* 

B.  f.  \ntf 

JJ.i-.SSn 

B.  e.  V&StP 

,  jj  P.  m-ip 

«  F.  1S«P 

**^int. 

't<ir.7eiil»i«» 

tUr.  7M'»-BJ 

»«-7«»--) 

•iwTftOl"") 

(*«r.  rsa-i""! 

^kmr.  r<S»~). 

0 

lOOMOO 

1  000000 

l-OOOOOO 

1000000 

1 -0000 00 

1  000000 

3 

0-y93229 

0-994056 

0-991277 

0-S95575 

0-992952 

0-994194 

10 

0986G10 

0-988308 

0-9S2HU 

0-990872 

0-986047 

0-9HB397 

l» 

O-9B0nS9 

0-982702 

0974791 

0-966197 

0-979286 

0-982706 

20 

0-973833 

0-977212 

0-967158 

0-981671 

0-972663 

0977081 

86 

0-9G76J3 

0-H718O! 

0-959031 

0-!J7fi969 

0-966173 

0-971532 

30 

09G1604 

0-96645C 

0-952517 

0972374 

0-959732 

0  966053 

^3b 

0-955680 

0'9Gia79 

0  945665 

0-967671 

0'95356G 

0-960645 

^■«Q 

0-949854 

0-956151 

0-M9049 

0-962739 

0-94745a 

0-955306 

mr 

0944 15; 

0-y5lO3l) 

0"J32G38 

0-957789 

0-941455 

0-950037 

Ko 

0'9385r9 

0945978 

0-B26407 

0-952951 

0-935553 

0-944836 

5& 

0-9330H0 

0-9109f!0 

09-^0327 

0<918163 

0-9-29760 

0-9396.« 

60 

0't»2r0?l 

0-936063 

0-914366 

0-9134O2 

0924067 

0-934713 

65 

0-y2a344 

0-9312U 

t)-MB502 

0-9386SU 

0-918466 

0'9296ft4 

70 

0'9lrODI 

0-9211421 

0-902744 

0933992 

0-912956 

0-924710 

75 

0-91X907 

0-92i;iO 

0-896944 

0-929340 

0-907530 

^^1 

81) 

0y0(!784 

0-917055 

0-891 194 

0-924723 

U'902182 

0-915044            ^H 

8& 

0-90i;i5 

0-912454 

0-885427 

0-920142 

«'8!ia9la 

0-910309            ^^M 

yit 

0-890631 

0-9079 17 

0-87M13 

0-9155Si6 

0'891(;91 

U-905G38            ^^1 

95 

0-B9171D 

0-903446 

0-87372C 

0-911085 

0-8865C6 

0*901032            ^^H 

BOO 

0-8S6760 

0-89905(5 

0-906608 

0-8814BS 

^^1 

SOS 
^10 

0-SH}SM>i 

0-891  rise 

0-902165 

0-876464 

0-892002           ^^M 

0*»76y3S 

0-89039fi 

0-897756 

0-871488 

0-887582           ^^B 

XI5 

0-8S6135 

0-893386 

0-866550 

0-883222            ^^H 

1-^0 

0-889048 

0-861669 

0-878923           ^^1 

125 

0-884742 

0-856813 

^^1 

130 

0-88O47O 

0-851 9S8 

0-870505           ^^H 

135 

0-876222 

0-84  7 1H8 

0-866383           ^^H 

liO 

0-872027 

0-842424 

0862323           ^^M 

115 

D-66785e 

0-837643 

0-858319           ^H 

150 

0-863717 

^^ 

155 

f 

^B 

Nwnber 

Terliroinide 

of 

Tehrhlnride 

or 

Terchlttride 
of 

Bromine 

Sulphurous 

Sulphi(«  of                H 
al(idi<  of                     ^M 

below 

PhoEphonif 

PhDiiiihorua 

Anenic 

EtKil                    ■ 

boilinf 

fl  J*.  17fiao 

B.  P  TH-W 

S.  P.  IM  Mlo 

B.  F.  «flo 

fl.  P  8° 

j).p.\eD3°               1 

IKiiiit. 

l) 

W.  7«J !""). 

(W-  7K'6"'"'). 

imr.  7M^«^m). 

i|ior.7flO(iaM™,i 

ftsfJM  l(*"uiii) 

Jiiir.Ta3'7S">B>i                    ^M 

l-oommu 

l-(!Of>nf)fl 

l-OOOOOO 

1 -006  000 

1-ooonoo 

l-OOOOOO                    J 

S 

0-99fil03 

n-992fi7S 

o-y£H2r)2 

0-993!)36 

0-99(VI57 

0-g9439ft           ^^M 

1       "J 

o-;K)rf26fi 

0-98.VJ71 

n*yfiS576 

0-9H7!l8I 

0  98;l:iN 

^^H 

^^■15 

o-wriifiT 

o-yjyar-i 

H-9S2fl70 

0-982146 

o-srwoiio 

O'UHiuoo       ^^H 

OU1*0?05 

«-97^S07 

0-977134 

0-976128 

0-971174 

^^M 

o-u;.-jy82 

0-9Cfi444 

0-9719fi7 

0-970822 

0969925 

^^M 

()'97J22V 

0-960290 

0-9GU56G 

0-905287 

0-96427U 

^^M 

o-9bir(;54 

0'95rjfll 

0-961232 

0-959875 

^^H 

fl'9620:iO 

0-948  n:i 

»-95:i9Cl 

0-954670 

^^H 

^^^ 

09574flri 

0  94*J7a5 

0"95t)751 

(l)-94M3B 

^ 

^^H 

W^^^^                                  HEA^^^^^^^^^^^^^^^^ 

Nnbtr 

TotcoBdde 

Terckloride 

Terehloride' 

SnlplOtc  of 

of 

of 

of              Drotnbt 

Oxide  of 

Muw 

E^Miibonw 

Phoapbonu 

Arsenic 

Edi;t 

boiling 

fi.  ?.  17s»* 

»  P-  78  «" 

B.  P.  13.%  hV      B.  P.  tV 

i  p.  1W>3«' 

point. 

»«■.  78U-2")- 

*«■.  7J1-5--). 

*«-.  7S«-l-->.  (tar.TKKIi") 

(*<K7n-7s-*> 

SO 

0-952975 

0-937128 

0-945611       0944399 

0-94->«7 

ii 

03484914 

0-931 GIO 

0-y40528      0-9395U 

0  937264 

60 

0-944052 

a-02C24a 

0-93S5M      0-9:<44OG 

0-911 5*59 

^ 

fi5 

0-3:W650 

0 -92094 1 

0-930543      0-929562 

0  92«ri7 

?0 

0-932288 

0-U15707 

o-y256a» 

0-^24652 

0-921537 

■ 

?S 

0»309es 

0-910531 

0-920789 

0-9l642r 

■ 

80 

0-926672 

0-905403 

0-915996 

0-911375 

SS 

0-922437 

0-900311 

0-91 J  25  7 

0-906383 

^^H 

90 

0-9)8249 

0-895243 

0-906571 

0-90  U&4 

^^H 

9& 

09m07 

0-890185 

0-901938 

0-896583 

■ 

100 

0-91001 1 

0-885129 

0-!)97351 

089 1779 

■ 

lOA 

0-905956 

0-88O063 

0-892809 

0'8870iS 

110 

0-901944 

0'874S58 

0S8B338 

0882.118 

^^H 

lt& 

0-897W9 

0-6«9S03 

0-883902 

0-877671 

^^H 

120 

0-873075 

■ 

12S 

0-868546 

■ 

130 

0-864063 

135 

0'^5%38 

^^H 

UQ 

0-855252 

^^H 

145 

0-850920 

■ 

150 

0846638 

■ 

1S& 

0-842403 

IfiO 

0-838214 

■ 

It  will  be  seen  frum  tLcso  tallica :  I.  That  a  uearlj  ^oual  cy^ntntctioo 
from  the  boiling  point  downwanis  is  ciliibiteJ  by;  (1)^  Fusel-oil,  wood- 
■jiirit  an  J  ak-uhul ;  (2).  Brumido  of  ethyl  and  brwinido  of  Diethyl ;  (3). 
Iodide  of  methyl  and  iodlJo  of  Dthyl;  (4).  Acetic  ether  and  ac«tic 
methyl -clher ;  (5),  Butyric  ether  and  butyric  methyl-ether. 

II.  Thftt  thia  euu.il  contraction  from  the  hoilioy  point  downwarda 
does  not  extend  to  ull  groujis  of  lif|uid3  coutainiug  a  common  element 
UTiitc<l  with  tliflcrent  isomoqihoua  eieiuents  («.  ff.  chloride  of  pLogjihoms 
and  chluriile  of  arsenic),  but  appears  to  Ihj  confined  to  the  ethyl  and 
methyl  series. 

IIL  That  in  each  group  of  liquids  the  difference  of  contmetioti 
increases  constantly  in  the  same  rliiection,  in  ptnportion  fta  the  tempeio- 
ture  falls  Ix'low  the  boiling  imint. 

IV.  This  diJTerence  of  contraction  attains  in  Bomc  coses  a  rery  consi- 
derable infinitude j  e.y^  in  the  gri'Up  consisting  of  tho  bromide  and  chhtri'lo 


fiXPJLNSION  OF  LIQUIDS. 
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IVap. 

Volume. 

Temp. 

Volume, 

Tsmp. 

Volume, 

0- 

I  000000 

14" 

l-(10O55G 

40" 

1-007531 

0-9M94? 

15 

000695 

46 

1-009541 

Q-9909ii» 

16 

000846 

50 

1-011766 

09OT«85 

17 

OOIOIO 

55 

1  OH  100 

09^9877 

IB 

001194        ' 

CO 

1-016590 

0999683 

19 

O0J370        1 

65 

1*019302 

0-999903 

to 

O015r,7        i 

70 

1-02-2246 

' 

0-999939 

21 

001776        1 

75 

i-a^:i4jo 

0-999986 

22 

001995 

80 

1-028581 

1-000048 

23 

002225 

8S 

1031894 

1-000134 

24 

002465 

90 

1- 03539? 

1*000213 

25 

002715 

95 

1-039094 

1000514 

30 

1  004064 

100 

1-042980 

I  0004 29 

35 

1  oosQg; 

tfto  expatisioQis  of  tho  other  litjuiUa  examiucd  by  Kopp  are  given  in 

tiH}  ioMon-ing  talilo,  the  voluuie  of  each  lii:[u'Kl  at  0^  C.  being  taken  aa 

wiitiy-     Tlie  densities  (=  d)  r^uced  to  0^,  and  the  boiling  points  under  a 

pwBurB  correapondiug  to  760"""  or  29*92  incites  of  the  barometer  are  aleo 

pTBii  at  ibe  heiwls  of  the  respective  columna.    IT. 


I  02162  1  l-mOiJi     llilMt 
102316.    102766    1-02710 


25 
30 
» 
40 
4i 

50 

M 

sa 
;q 

7& 

80 
fia 
90 

9a 

100 
105 

no 
115 

120 

125 
130 
135 
140 
145 

ISO 
US 
160 


1  02659 
1-03203 
1  0S751 
1  (M309 

loian 

I  05439 

I  Ol/OlS 

1  o(;596 

107187 

1-4)7  "85 

I '08391 

1-0900? 
l-Oftfi.!! 
t'lU2«6 
1 -1 0910 

I '11665 
1122S) 
M29M 
I  15598 
1-14299 

M&013 
1  l.-i74l 
]-]&481 
117235 
MS003 

1-19786 
ll»584 
1-20399 


1  (>3692  I 

1-04495 

1-05326 


I  03481 
1-04211 
104960 
1-05730 
1  06525 

1-07347 
10«199 


1  03435 
101179 
1  04940 

1-05719 
1-06517 

107331 
1081GI 


I  -OOrtOO 
1- 006(2 
1-012S7 
01964 
1  02644 
I 

1  03340 
rO405O 
10477S 
1-05521 
1-06283 

1  07064 
1*07865 
1*08606 
1-09529 
M0395 

1*11184 


■ooooo 

1  -00003 
1-01216 
X-01837 
1*02471 

1*03113 
1-03776 
1  04449 
1-05135 
I -0583  S 

1  06554 

1  ■072*7 
1-0«037 
1-08806 
1  09594 

110400 
1-11226 
1-12074 
1-12944 
113835 

M4r&0 


lOOOOO 
1-00592 
I  01193 

1-01800 
1- 0-24 17 

I  03042 
105«78 
1  04323 
l*04yS3 
1-05654 

1*0633« 

loriua 

10;747 
1-08474 
1  092 16 

1-09975 
1-10753 
1*11548 
112361 
1-13193 

1*14-10; 

1*14921 
1*15816 
1-16914 


1-00000 
1-U0565 
lOllOti 
1  01721 
!-02Sl& 

1-0«»1» 
1*0353» 
1-04 159 
1-04794 
1  05444 

1*06  J  05 
1  06779 
1  07467 
l-OSltiS 
I -08884 

I-09«I5 
1-I(i:i«0 
1-11122 
11 1898 
1-12691 

1  13503 
1 -1 1330 
115175 

1  tGa:it< 

1-1692(1 


Linear  expansion  of  Solid  hodm  when  heated  &om  0*  to  100"  C* 

BlKk  mwble  (Laeullite)  ........  0*00035300  =  ,|^     Utiua  &  Srag 

Cvran  mai-blr  . . ,...  00O08.170O   =  f^j 

White  glau  in  tubei OOOOfl!JG94  =  ^    Lav^obier  &  UplnGc 

FlinuglMs O-OOOaUfiO   =  ii^i,  „ 

E«tbtnw«rt , 0-00083000  =  -^^^     Dalton 

Brown  Faytnoo O-0O04O00O  =  „',s 

Antimooy O-OOIO^S.'tS   =    ,',      Smeatoo 

BiMnnth. 000i;i9167   =^   ^ 

ZliM)(cut) ,..,  O0O294167   =    ji, 

(hammered),.,.. 0'OH31tt8;l3   =    ,!, 

Mllaooatln OOOlSSJto  =    ili      UToitier  &  LapUer 

*  The  liaaar  exiWiuwQ  of  •  toliJ  loulLiplieJ  bjr  3  givoo  Utf  upiuuiun  in  tolutnc,  tcrj 
nrArlf. 


0-00284836  = 

li«»  '^»^re 0'00l23!i04  = 

t«>PP««- , 0*{H)171?3;»  = 

■wife. 0-001t>3ji3?  = 

'...... O'flOlMHOS  = 

<Wa , , 0001:1.5155  = 

W'tiriqm     O'ULKjyiUS  = 

WUidittm O'OOIOOOO  = 

Crystals  oot  belonsrin^,'  to  the  regular  syBteni  cxhiliit  when  heated  an 
otiecjtiil  expansion  in  the  direction  of  their  axes,  in  coiiscc[iiencc  of  which 
U»e  tiiagiiitude  of  their  jin^rles  bocomoa  altered  (Mitjjcljerlich,  Poffff,  1, 
12A;  10,  137).  In  crystals  belonging  to  tJie  rij;lit  prismatic  system  the 
friiiuii.i(iji  i^  diflerent  in  the  direction  wf  all  three  axes;  in  arrag»ntte,  on 
ranir^'  the  temperature  from  0  to  100*,  the  inclination  of  the  lateral 
facM iii(rea-4ea  hy  2' 46",  and  that  of  the  tcruiiatil  faces  cliiuinishea  by 
5^39";  yypaum  is,  according  to  Fresiad  (Brill,  des  Sc.  Maihcm.  1824,  100; 
»l«o/'a,;(;.  2,  I  OS),  more  exiiandcd  by  heat  in  the  direction  of  the  prin- 
*'paJ  »ir>8  than  in  that  of  the  lateral  axes, — In  crysfcil?  belonging  to 
tlif  rliiimbohedral  -"yateni  the  expttneion  is  the  aaine  in  the  directions 
*'  lie  three  secondary  axes;  but  different  from  tli.xt  aeeording  to  the 
incipal  axis.  The  obtuse  angles  of  the  primitive  rhombohedron  of 
Bipdr  diminish  by  8.J'  when  the  crystal  is  heated  100',  and  the  acute 
•o^Im  increase  by  the  same  quantity.  Hence  it  may  be  calculated  that 
"•ri'latire  expansion  of  the  principal  axis  (compared  with  the  secondary 
*ie»)  lUDOuntfl  to  ()'0<I342;  moreover  since,  according  to  Mitscherlich  and 
WttJiiug^,  the  etihical  expnnsion  of  calcstar  between  0"  and  100"  is  only 
"•HJIuei,  it  in.'ij  likewise  be  determined  that  ailcspar,  when  Ihua  heated, 
'i'Vt  not  expand  ru  the  direction  of  the  eecondnry  axes,  but  coniracit  by 
•*'Wl05fi,  and  that  the  absidiitc  expansion  of  the  principal  axis  may  he 
^'Hiiated  at  0002S6. — In  bitter-spar,  the  oblu-e  angle  of  the  primitive 
fnomlwihedron  diminishes  when  the  toniporatare  is  raised  from  0"  to  100° 
"T  4'G'';  in  ferrnginous  bitter^spar,  by  3'  2y"j  in  iron  epar,  containing  a 
*'"iji»fc'rable  fniantity  of  manganese,  by  3^  31";  and  in  pure  iron  spar,  by 
'''22*.  Since  now,  among  all  tbeae  minerals,  calcepar  forme  the  least, 
ferruginous  bitter-spar  the  most  obtuse  rhoinbohedroo,  it  follows  that 
oxftansion  in  the  direction  of  the  principal  axis  does  not  increase  in 
'lie  same  proportion  aa  the  relative  length  of  the  axie  itself  dimlmehefl. 
(iUlscberlich.) 

The  allay  of  Z  parts  bismuth,  1  pfirt  tin,  and  1  part  lead,  expands 
*hen  heated  from  0*  to  44°  C;  when  etill  further  heated  it  contractSj  »o 
tfcat  at  50°  '\Kn  density  is  the  same  as  it  was  at  0'',  and  at  69'  still  greiitet; 
road  this  temperature,  expansion  again  takes  place;  at  ST'd"  the  alloy 
ponce  more  the  same  density  as  at  0°;  and  at  94%  at  which  it  fusee,  the 
Be  as  at  44°.     (Erman,  P&gg.  9,  557.) 

For  an  account  of  H,  Sohrrider's  attempt  to  discover  a  relation  between 
<  equivalent  volume  and  the  expansion  of  bodicE,  seo  P*>^g.  B2,  2%2, 

^  MosBTB.  Playfair  &  Joule  have  hitcly  made  some  experimenta  on 
the  exjJiiDaion  of  salta  and  other  Bolid  bodiea.  (Qu,  J.  0/ C/umi.  Soe.  I. 
181.)     The  results  are  as  follows: 
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HBAT. 


Kame. 


Copper  (rediiced  4y  Aydro^en)  .... 

lUd  oxido  of  mercorj 

Protoxide  of  leail .•  >i. 

Rc<l  Oxide  of  mtnganeM 

Peroxide  of  tin 

Sulpburet  of  leftd    . . 

CUuride  (ii  pfitaKiiani. 

Cblorid«  of  barium .............. 

Chloride  of  anunomuin ...... 

N^tnteofsoda .., 

Nitrate  of  liotaah 

Ditto  (m  targe  eiyilalt)  ,,,, 
Ditto       {fintly pf>triierfd)  .... 

Nitrate  of  leiul. 

Nitrate  of  harft*. 

CUoKte  of  pot««li 

Chromatc  of  pciluh 

Ditto       C  in  fina  tnndl  cryff ofi) 

Dichroioate  of  potash .........  ^  . . 

Mchromatc  of  chloride  of  potuaiwn 

OuUe  acid  .................. 

Oxalate  of  potash 

Binuxniatr  uf  potovb  . ,  . , , ,  , , . , 

Qaadroialiite  of  potuh 

OiaUle  of  ammonia    , 

Blixnalate  of  Ammonia 

Quwlroxiilate  of  ammotiia  ...... 

Snlphate  of  potash 

Dtsul}iliiite  of  jiotash  ..,,,.,,,, 

£ulphatt>  i>f  umnionLn , , 

Sulphate  of  coiiiJcr 


Sulphate  of  iron 

Sulphate  of  magniMiia  . .  ,......,.. 

Sulphate  uf  cn)ipi;r  tni  ammnnis  • . 
Sulphate  of  («p]i<^r  nnd  piiiiuih  ..  ,. 
Sulphate  uf  ma^eiiia  and  potaah  . . 

Chjxinie  aliun  ...,, 

Potash  alum 

Sulphau  of  isinc  and  jiotadi 

Sulphate  of  mogncfia  oCiJ  anmionia 

Cane  sogar , , 

Sugar  of  milk 


FomialiL 

Ca 

HrO 

Pb  O 

Mn'O* 

s»o« 

FbS 

KCl 

BaCl  +  2H  O 

MM*  CI 

NaO.  N0« 

KO.NO* 


PH  O.  N  01 
BaO,  NO* 
K0.C10> 
KO,  CrO' 

KO,  SCrO" 

K  CI,  2Cr  O' 

H  O,  C  O'  +  2H  O 

K  O,  C*  O*  +  H  O 

KO,  2C'0'  +  3H0 

KO,  4C'0*  +  7HO 

N  H»  O.  C*  0»  4  HO 

NH*0.  2C*0'  +  3H0 

NIl'O,  4C«0'  +  7HO 

KO,  SO> 
KO,SO'+  HO.  sot 
NU'O.SO*  +  UO 
CuO.  SO»  +  5HO 


FeO,  SOa+7HO 

MirO,SO'  +  7HO 

CaO.  SOi+NH*0,  SO'-!-GH0 

Ctt  O,  S  O'  +  K  O.  S  n»  ^-  6H  O 

M?  O,  S  O'  +  K  O,  S  O'  -1-  fiH  O 

Cr*0>,  3SO'+  KO.  SO'-;- 24  HO 

Al*  O*,  -IS  0»  4.  K  O,  SO*  2-<H  O 

2n  O,  S  0»  -!-  K  O.  S  O'  -!-  r,u  O 

MgO,S0>-i-KH*0,  BO='  HrfiHO 

ctin"o" 

C=»H'*0" 


Expandon 
IbrlSO^Pfth 


000^3 

0-fK)76r 

0  (M):>802 

0-0079* 

0-00322 

0-00172 

OOIMS 

0-0109I4 

00098»3 

00191 

€-0128 

001967 

00172S7 

0019487 

O-00S31) 

C-0(M523 

0017113 

0-Ull3« 

0-011005 

0-0123 

0-01 S902 

0027476 

00)162 

0-01 1S39 

0-0159I« 

0-00876 

0-013718 

0-014347 

0-010rt97 

0-012287 

0-()lO»4 

0-009S25 

0-006S15 

00081S 

»  01153 

0-01019 

0*0066)13 

0009043 

0-009372 

o-oo52^^ 

0003filit2 
OOOS'235 
0007161 
0011160 
0-009111 


Of  tlic  three  eiM>oimena  n{  sutpliste  <jf  copper  mentioned  in  the  pr 
ceHinp  l.-vbk',  the  lirsl  ami  tliini  were  prepnred  for  fxpcriinent  hy  pouiifl- 
ing  tlio  salt  finely  and  pK'ssing  it  bctwcoii  folds  of  biUnlous  paper.  The 
aecoiid  was  In  Hinatl  crystal.^,  obtained  by  stirring  tbo  cnpreoua  solatloti 
while  cooling:  it  contained  rather  more  than  5  equivalents  of  \*ater. 

The  exjiansiun  nf  rtxiilir   acid   appears  tt>  be  greater  and    that   ot 
peroxide  of  tin  Jee^  than  that  of  any  ntber  solid  yet  examined.    ^. 

Since  elastic  fluids  are  in  ao  many  respects— particularly  with  regar 
to  tlteir  combinntioii  iti  equal  proportions  by  volume — the  most  ooi 
■tih8tancp&  in  exietonce^  eince  tbey  appear  to  jxwsesa  uo  oobe^ioi^,  which' 
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one  probably  exertsj  a  disturbiug  nctiuii  on  tho  orpaasiori  by  heat  of 

rjli{uf(i«  and  solids;  since  agsun  they  all  exp.ind  iu  the  isame  ratio  betwoen 

Elm  wme  limits  tjf  teiiijK*rature,  it  may  in  all  itrolm.Uility  Le  aiij»pf>Bcil  that 

jttw  erpftasion  is  likewise  unifoTm;  that  is  to  say,  if  the  adilition  of  auy 

iWn  quantity  of  heat  ha^  produced  an  exjm-nsion  of  O'OUl  for  eiaiople, 

W(  njditjon  of  »  second   equal  quantity  will  produce  an  increase  of 

*J-*»clly  0  001  of  the  first  volume.     Thig  being  swlmitted,  it  ia  found  that 

»H  citier  hodiea,  when  their  expansion  ia  coiuijarcd  with  that  of  air, 

*iliiiiit  s  variable  erpafmun,  inasmuch  as  the  expansion  produced  in  them 

"y  *<[Ual  increiuente  of  heat  is  greater  at  bitfher  than  at  lower  tempera^ 

f*PW    If  the  increase  in  vobvme  which  different  bodies  undergo  between 

'•W  temperatures  of  freezing  and  boiling  water  be  divided  into  100  equal 

f*ts  or  degrees,  it  will  bo  found  that  when  these  several  bodies  are 

"Utlier  heated,  their  expansions  will  bo  expressed  by  different  numbers 

"'  «nch  [mrte,  »nd  in  the  following  proportion : 


According  to  Dulong  ^nd  Petit, 

Acwrding  tq  RudbeTf 

Mercury. 

Platinuin, 

Copper. 

Iron, 

Glius. 

Air. 
-  J5-9G 

Mercur;. 

-36 

0 

Q 

0 

0 

0 

0 
4-  5004 

0 

-4-50 

lot) 

100 

100 

100 

100 

100 

100 

iai-;» 

201fi 
lyyl 
31415 

I9«-B1 

200 

»11'S 

328-8 

372-6 

352'9 

294-r3 

.100 

340 

Dulong  and  Petit  estimated  tho  eipanaion  of  air  at  0'375  {page  224); 
-^Xudberg  (Jakrfgber.  19,  44),  from  his  own  eiperimentaj  determined  it  to 
^^  0  304:    this  however  will   not  explain   all  the  deriafiona,   {Comp. 
**'aniliour,  Compt.  rmd.  12,  fi55;  also  Pogg.  53,  234.) 

Expansion  by  beat  serves  oa  the  badia  of  moat  Tltennoitteters  which 

^j«  Dstnl  to  nicasuro  the  lower  degrees  of  temperature,  and  of  Pt/romttera 

■jy  which  higher  tompcraturca  aru  indientetl.     Since  gases  and  vapours 

^re  tho  only  hudies  whuse  expansion  ia  uuifoim,  the  ordinary  tborino- 

*n«Ttor«,  which  are  filled  with  merctiry  or  spirit,  cannot  give  the  true 

%piupemture  exactly,  hut,  on  the  contrary,  always  mate  the  higher  tem- 

|»erat(ireg  too  great;    moreover,  they  do  not  a^reo  aninng  tbeitiselves. 

(The  roduetion  of  the  degrees  of  a  mercury,  platinniu,  copper,  or  iron 

Uiermometer  is,  to  a  certain  extent,  given  in  the  preceding  table.)  Again, 

in  uiiing  fluids,  the  expansion  of  the  glass  in  which  tUoy  are  contained 

muiit  be  taken  into  cousidoration,  since  it  makes  their  ap^iarent  less  Ihaji 

their  real  expansion;  and  sinci*,  according  to  (he  ahovo  tablo,  the  ex- 

pan<iit>n  of  glasa  at  high  tcmjieratures  increases  much  more  rapidly  than 

that  of  gases,  tho  error  of  the  mercurial  thermometer   ia   t"  a  certain 

©xtoiit  correcfod  by  this  eircumst-incc.     BolUnl  {Jittiyn.  Giimt.  IA,  268j 

Ifl,  217  and  291)  has  likewise  shown  that  the  bulbs  of  morcurial  thor- 

nioHictcrs  generally  I'ontraet  in  the  course  of  time,  eo  that  when  they  aio 

itiijnorsotl  in  melting  icf,  the  mercury  stands  from  ^'  to  1"  R  above  tho 

freeiing  point   previously  marked;    no   eifect  which — as  observed    by 

Fluiiiiirguea  {Ann.  Ckha.  Phi/s.  21,  333)  and  by  Aug.  do  la  Rivo  &  F. 

M.'ticei  {ism.  univ.  '22,  265) — may  Iw  attributed  to  the  pressure  of  tho 

external  air  on  the  bulb  of  the  thoftaomoter,  ioaemDch  as  there  ia  a 
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vacuum  in  the  iustrument  above  tlie   mercury.     Vid.  also  Von  Yelia. 
{Eatin.  Arc/ih>.  3.  108),  Kauita  (Scftir.  40,200),,  Egcn  {Pf^p.  11,276, 
335ftn<l517;  13,33),   Lo^rand  {Ann.   Chitn.  Pki/n.  63,  3(18),    Desprets. 
{Ann.  Chim,  Phys.  M,  312;  aho  Pogg.  41,  58),  Rudborg  {Fogg,  40,  39|fl 
and  lfl2)j  and  Henrici.  (i'oyy.  m,  251).  ^ 

IT  Porsoti  bna  found  that  wb^n  thcrtnameterB  are  exposed  to  tempe- 
ratures above  300°  or  iherealjout,  the  ^biftiiig  of  tUo  lero  puint  \«  much 
greater  thnn  has  been  hitherto  ^uppofied.  Despretz  liatl  found  it 
amount  to  Imlf  a  deirree  in  4  or  5  years  under  ordinary  clrdunistauees* 
PersuD  finds  that  at  the  teDi[>eratures  Just  nientioued  it  aomctiines  rcach« 
from  12='  to  17"  in  a  few  hcnirs.  {Pofjg.  CS,  370.)  T. 

In  the  common  Air-thermometer,  the  air  ia  endoeed  in  a  g]nsfi  bnib 
having  a  tube  attached  to  it,  aud  the  tube  ia  eb)aed  with  a  drup  of  some 
liquid  Hot  eiisily  rolatJJe,  sueb  a*  oii  of  vitriol.  (Gay-LuBBat*,  Pogg.  27, 
435;  Pouillot,  Pogg.  41,  14 J.) — In  the  Diferenlial  Thermotnfler  or  PA^ 
ivmtdrr  the  air  ia  contained  in  two  giasa  bull>8,  connected  by  a  tube  bent 
like  a  U;  a  small  quantity  of  liiptlJ  contained  in  the  tube  is  dn%-en  back- 
ynads  and  forwards  accordingly  ils  one  or  the  oth^r  of  the  bulbs  is  utvre 
Btrongly  heated,  and  thus  sLowa  differences  of  temperature,  but  no  exact 
decrees.  If  one  bulb  ia  covered  with  lamp-black,  and  the  other  with 
gold  leaf,  the  former  becomes  more  strongly  heated  by  exposure  to  Hglit 
than  the  latter,  and  thus  the  ttiBtrument  serves  to  measure  the  intensily 
of  light,  {Leslie.)  The  difl'erential  thermometer  possesses  still  greater 
delicacy  when  filled  with  vupour  of  nleoUol  in  contact  with  excess  of 
alcohol  instead  of  air.  (Howard.)- — Thti  A  ir-pffrotiifter  is  a  hollow  sphere 
of  platinum  fitted  with  an  escape-tube.  The  hotter  the  fire  to  which  the 
phtinum  vessel  is  exposed,  the  greater  is  the  quantity  of  air  driven  out  of 
it,  and  this  ia  received  over  water  and  measured.  {Pouillet,  Pogg,  39, 
367;  also  Eltrnmn  de  Phijxupte  ft  rfe  MiUoroloftie,  3°*  Ed.  tom  I.  p.  351.) 
— ^Tho  mercurial  thennoraeter  serves  for  tempemtures  between  -|-  350^ 
and  — 38^;  the  spirit .tberniometer  from  +  70^  to  the  greatest  knawnj 
degree  of  cold:  for  alcohol  has  never  yet  been  froien. — In  firegnet's  Me- 
iallie  Thermometer,  three  very  fine  strips  of  platinum,  gold,  and  silver  are 
laid  on  one  another,  and  wound  into  a  qiiral,  which  becomea  twiated  by  the 
unequal  expansioa  and  contraction  of  these  metais  arising  from  cbaa^>Qa 
of  temperature^  and  gives  motion  to  an  index:  this  instrument  eervea  not 
80  much  for  exact  measurement  of  temperatures  ais,  on  aoconut  of  its 
thinness,  for  the  detection  of  very  transient  changes  of  tentperature 
{Ann.  C'kim.  Pkyt.  5,  312;  more  shortly  in  Schw.  20,  465.) — The  ifciat\ 
Pyrometer  consists  of  a  bar  of  silver,  or  for  higher  temperature  of  plati- 
num, contained  in  a  tube  of  porcelain,  or  of  clay  niixed  with  black  teoil. 
The  metallic  bar  expaiicb  more  strongly  when  heated  than  the  clay,  and 
gives  motion  to  an  index  traversinff  a  ^rraduated  arc.  {Vid.  Daniell, 
Qu.  J,  of  i'c.  12,  309;  alwtr.  Schw.  32,  497-) 

Reaumur  divides  the  interval  l»etwecu  the  temperatures  of  meltinei 
ice  and  boiling  water  into  80,  Celsius  into  100*,  Delisle  into  150,  ana' 
Paiirenheit  into  ISO  equal  parts.     The  first  two  place  the  eero  at  the 
temperature  of  inolting  ice,  Deli^te  at  the  boiling  point  of  water,  Fahren- 
heit 32"  Wow  the  melting  point  of  ice:  9'  F.  =  7'3'  D.  =  5"  C.  =  4"  B. 
A  correction  must  be  made  for  the  different  posititPUB  of  the  zerti. 

•  Tte  tciuperiviurrs  ijiffii  in  tln>  work  (c)icf|>t  iPtlien  oUicrwUe  SjH-eiiJljr  nientiuuoJ) 
rcTet  ti)  the  CcntitraJt  itjc. 
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maDy  degrees   Fah.  =  273"  Ccls.T     According  to   the  tftble, 

'  C.  =:  aiM""  p.  J  the  3°  C.  over  are  equal  by  d.  to  ;V4'  Fa!i.  j  and  tliese 
Bpned  civc  MB"  +  5'4°  =;  523"4  Fah.^How  many  degrees  of  Cels. 
=iOT«  Fah?  By  the  tabic,  67  !■"?.  =  355^  C;  and  by  J.  5"  F.  =  2-78^  C, 
thorefuie  togetheV  671"  F.  =  355"  +  2-7S'  =;  357-78-  C. 

Wcdgcwood's  PyrwiiR'ter  dei>cnd(3  upon  the  contraction  of  cylmders  of 
^tV  it  lii;,jL  temperatures.  The  firnt  degree  W.  oorrospoude,  according 
^Wfd|,'<Mvoud,  to  5S>8°  C,  and  eacb  degree  W,  iu  equsil,  according  tu  tlio 

'  aiitlnirity,  to  72"  C.  According  to  Guyton-Morvcau,  on  the  other 
lirnid,  the  first  degree  W.  correapotida  to  270^  C,  apd  each  degree  W.  is 
wjual  tti  unty  di°  C.  This  pyxonieter  appears  to  give  but  very  uncortain 
indications,  the  inaccuracy  arising  chiefly  from  this  circimiatanco — that  the 
etav  cylinderd  contract  as  much  at  a  low  red  heat  continued  for  ^me 
time  n«  at  a  wore  powerful  lieat  sustaiuod  bat  for  a  short  time. 

Prinscp  {Ann.  t'/iha.  Piiys.  41,  24*)  mafcea  alloys  of  silver  and  gold, 
ten  |iarl«  of  wbicb  contain  1,  2,  a,  4,  5,  C,  7,  8,  or  9  parts  of  gold; — and 
for  very  fiigh  Itiupcmtures,  alloys  of  gold  and  platisium  containing  99, 
88,  &7,  &c.  per  cent,  of  gold;  they  are  lu-Ado  into  flattened  buttona- 
be  platreu  in  sepurate  eupeltt  in  the  fire  wbosc  ettrength  is  to 
IdetemitDcd,  and  a««9rtain»  which  of  tboiu  arc  fusod.     From  a  compa- 
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hHto  extimatinn  with  an  aii^pyroraeter  made  of  gold,  it  a}>{^can  (Itat 
BUver  melte  at  999^C, ;  d  parts  of  rilrer  and  1  of  gold  at  1049" :  8  Btlvcr 
and  2  gold  at  1070°;  G  raJver  with  4  gold  at  1099°;  and  3  silver  with 
7  gijld  at  1373''.  Ad  alloy  containing  30  parts  gold  and  70  platinom  W 
iojuaible  even  id  the  fitrongest  blast  furnace. 

7.  Heat  itnparte  to  many  jWDderable  l>odieB  particul^  coloure  whkb 
vary  aoeo^ling  to  tlie  nuantity  of  beat  contained  in  the  bodies.  Whenever 
fluch  bodies  aic  heated,  they  assume  a  colour  different  from  that  which 
dlgtingnishes  ihcni  m  the  cold  ;  but  on  cooling  agiiiti,  the  original  colour 
reaij[iears.  Thi^  changij  of  colour  is  not  accompanied  by  any  cbeiuical 
ehaiige. 

This  appearance  is  pKscuted  by  tho  following  liqnids,  and  by  tlie 
imder-menti'jncd  solids  in  the  state  i>f  powder, 

Sulphnr,  which  at  onlina-ty  tcmpemturcia  is  pale  pcUow,  aoquirv«  a 
browoLsh  yellow  colmir  when  heated  just  below  iLs  meUtn^  point. — 
Hypowitric  acid  h  colourless  at  —  20°,  psile  yellow  Jit  0",  oninge  yellow 
at  +  20^",  and  its  vapour  becomes  diirkor  the  Imttor  it  is. — Titanic,  lan- 
talieaud  molybJic  n^jiL,  whieh  arc  white  at  coinmun  temperatures,  beeoiiM 
of  a  lejnon-ycllow  colniir  when  they  are  heated;  iLinoii-yellow  tunpstio 
acid  becomes  orange-yellow  when  heated, — green  oxide  of  chrouiinm 
becomes hr»)WT], — (iraugie-colonrcd  chronac  acid,  red,- — pale g^rey  anh3'drouJ 
tersulphitc  of  chronjiuni,  ptach-blosisom  colour, — Icnmn-ydlow  neutral 
cbromate  of  potash  or  soda,  aurora-coloured, — omn^-colonped  bisulphuret 
of  arscnie,  red  brown, — lemon-yellow  tersulphurct  of  arsenic,  of  a  colour 
Tarying  from  omn*:e  to  red  brown, — white  oxide  of  antimony  and  white 
antiiiiomoua  acid,  lemon-yellow, — pale  yellow  antimtmic  acid,  brownish 
yellow, — ^Icnion-yeliow  oxide  of  bismuth,  of  a  colour  varyitie  from  orange 
to  red  brown, — very  palo  yelloir  oiido  of  zinc,  lcmon-yeTlow,^-oraiige 
yellow  sulphuret  of  eaflmiani,  first  hrowuish,  then  crim-ion  red, — yellowbh 
white  peroxide  of  tin,  oraugc-yellmv, — -yellow  oxide  of  lead,  brown-red. — ■ 
ecarlct-red  minium,  vitdct-culoured, — yellow  chromate  of  lead,  brownijih, — 
brown-red  iwroxiJe  of  iron,  dark  brown, — colourless  aqueous  solatton  of 
acid  jiemitrato  of  iron,  reddish  yellow, — red  sub-oxide  of  eopiicr,  brownish 
grey, — brownish  black  protoxide  of  copper,  dcepblrwik,^ — tile-red  oxido  of 
mercury,  browuiab  black, — scarlet  cinnabar,  carmino-red, — white  proto- 
sulphate  of  mercury.  Erst  yellow,  then  red, — yellow  basic  protonitrate  of 
mercury,  red, — and  yellow  di-todidc  of  mercury,  re*!. 

Elevation  of  tenij.jeraturo  then  always  iiu(>arts  a  daTker  colour,  and 

fenerally  yellow  or  brown.  Schonbcin  (I'offff.  45»  2fi3)  suggests  that 
oat  may  produce  an  incipient  (Iccompositiun,  vfhieh  however  does  not 
go  so  far  &6  the  separation  of  any  of  the  elements;  thus  re<i  oxide  of 
mercury  may  when  huuted  assume  tiio  brown-black  colour  of  the  suboxide 
from  losing  a  part  of  its  oxygen,  which  however  is  retained  in  a  pecaliar 
manner  in  the  mass,— -and  so  forth.  It  is  not  however  every  change  of 
colour  that  will  accord  with  this  hyiiotheeia. 

8.  The  heat  which  diffuses  itself  through  ponderable  bodies  accunm- 
liites  in  them  in  quantities  which  diCTcr  ticcordin^  to  their  peculiar  nature), 
whether  we  corap-ire  thcni  with  regard  to  weijjht  or  volume.  Diflercnt 
bodies  require  diflercnt  quantities  of  heat  to  raise  their  temperature 
equally,  and  disen;?!^*  unequal  quantities  of  heat  in  cotiling  thronirh  the 
same  numhcrof  dejrrees  of  temperature.  This  different  Capacitff  of  bodies 
for  heat  is  called  Spedjic  Meat  when  the  bodice  are  comparoi  with  regard 
to  their  weight,  and  Jiefaiiw  fftvt  when  tliey  aW"  compared  with  regard 
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t«  rnlame.     The  specific  Keat  rnnltiplied  into  the  epedSc  gravitj  giirefl 

Ow  relative  boat. 

VVbeti  Ixxliee  of  JiSeront  temperatures  and  diffeTent  capacities  for 

Wl  we  mixed  together,  the  temperature  of  tiie  mixture  ie  not  the  mean 
W'reen  the  temperaturea  of  the  iadivldual  eubstancca.  Equal  weights 
of  bodies  equally  heated  or  equally  cooled,  but  of  different  capacities  for 
Wl,  raise  or  lower  the  teniporaturo  of  a  given  quantity  of  water  through 
difiitnnt  nombcre  of  degrees.  Or  they  melt  unei^ual  quantities  of  ice 
itC.  Spheres  of  equal  size  aud  equally  heated,  but  of  aubatancea  having 
difft'rctit  cnpacitiee  for  heat,  require  dilleront  timed  to  oool  to  the  sarno 
jKiiat  in  the  same  medium — the  radiatiug  power  of  tho  surfaces  being 
either  accounted  for  or  made  the  same  in  all,  Gases  enclosed  in  a  niano- 
aietcr  jiliiecd  in  a  wanner  medium  require  differt-ut  tiinca  to  produce  in 
tliem  ttii'  same  n.mount  of  expsknsion  hy  heat.  The  first  of  these  methods 
was  adopted  by  Wilke,  Crawford,  Kirwan,  Dalton  and  Potter  j  tho  second 
liy  Dokniche  &  Berard,  Avogadro,  Neumnnn,  Rpjspault;  tho  third  par- 
licnUilv  by  Lavoisier  &  Laplace  with  their  calorimeter;  the  fourth  by 
Alajer,  Bockmiino,  Petit  &  Dulong,  Hermann,   Do  la  Rivo  is,  Marcet; 

»tJie  fiftli  by  Do  la  Eire  &  Marcet, — for  the  determination  of  the  spectfio 
anAt  at  bodies.^ — Moreover,  with  regard  to  the  specific  heats  of  gasee^ 
tWoaj;  availed  himself  of  the  velocity  of  sound,  by  caiiaing  the  gssea  to 
lilow  into  a  flute  and  determining  the  pitch  of  the  aound, — and  Sucrmann, 
rf  ike  cooling  produced  by  the  evaporation  of  water  in  a  stream  of  tho 

^JP«J/if  Heat  of  Elastic  Fluids  at  tlie  ordinart/  Pressure  of  the  Atmosph/nv. 


Siwcifie  Heat. 

Rdative 
Heat. 

p 

thnt  of 

that  of 

that  of 

water  =  1 

air  =  1 

air  —  1 

Air 

0-2600 

0-2669 

l-OOOO 

1-OOOQ 

dement  i^  Dcsomicj, 

De  In  RwjJie  &  Bvrurd. 

0-3046 

Suennaiin. 

'^^JtaptM 

0-19&Q 

0-732fl 

0-8080 

Apjoliii. 

0-2361 

0-8848 

O-fhjBa 

De  la  Rocht  &  Bcrard. 

02750 

0-3(128 

0-9954 

Su«ruHin. 

0-9069 

l-OOOO 

Clem.  &  Des.,    De   [a  Rive   & 

8f*»gmg«» 

Mareet,  Haykraft,  Dulong. 

9'S774 

0-6640 

Cknicnl  St  Deaornies. 

3  2936 

123401 

0-9033 

Dc  In  Rotihe  &  Bdrard. 

14-423 

l-OOOO 

De  k  Rive  &  Marcet,  Haj- 

kruft,  Ditlong, 

6-1B92 

20'3191 

1-3979 

Suernmnn. 

21-2064 

l-4.'i.9U 

Apjolin. 

2««««K»«  

0-4074 

looon 

De  1h  Rive  &  M3.rcet. 

'w'feB  gM   

0'2754 

I031fl 

1  -oooo 

De  la  Roche  &  Uenu-d, 

0-3138 

10293 

1-0005* 

Suermnnii. 

1-0741 

l-04flQ 

Apjnhii. 

Vipoar  of  mter 

0-8470 

3-1360 

I  ■9600 

De  la  Roche  &  Bcrard, 

C«rix?nir  oiide  pa.,,. 

0-3123 

1  oaris 

0-9925 

Sm^miann. 

l'ft239 

0-9960 

Afijolin. 

l-0«02 

I -0000 

De  Is  Rive  ft  Marcet,  Dulong, 

0'2«84 

roaoa 

1-0340 

De  lu  Roche  St  Oerard. 

Cirbonk aciil  gu    .... 

0-6557 

I'OOOO 

Hnykrnft. 

0-2124 

0-C925 

1-065& 

Suermiuia. 

•  ThU  naiiilier  cannot  be  riifht;   for  1-0293  .  0*9757  =  1  0045. 
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Specifi 

s  Heat. 

RcUUtc 

HrKt. 

that  or 

UiaLor 

that  of 

1 

water  =  1 

air  =1 

air=  1 

Ckrboaic  Jioiil  gu    .... 

11750 

Dulofij^. 

0-7838 

1*1950 
1-2-220 

Apjohn. 

De  la  Kivf  &  Marcrt. 

0-2210 

0'B2flO 

1-2583 

De  la  Rorhr  &  B^rard. 

0'9M& 

1-50U0 

Clement  &  Dr:;unitt^ 

SulphurauB  acid  gw    ~  ■ 

0-iSur 

10000 

DeU  Ilivv  in,  Mim«t. 

Sulphuretted  iiydrdgtm 

0'8IS.i 

I  (moo 

ft                    *i 

Hydrurhor.  flcUJ  gaK    .. 

t)'7'J2.^ 

1-0000 

•p                     >( 

NitroM*  oiide  gai     

Otia'iJ 

loooo 

ft                     If 

0-22-10 

0-7354 

1-1229 

MfiOO 

SnermsnD. 
Dulong. 

0'7a2- 

MMO 

Apjfihn. 

0-2369 

0'BS7» 

1-36(W 

Dc  la  Roche  &  Berard. 

Nitric  oxide  gw 

o-9r>](i 

1-7000 

Uv  U  Rive  &  Marcet, 

Ammoaiacd  gas 

l'U96iik 

I  OOflU 

»i                      i» 

Cyanogvu  gal  . .  ...... 

0-/i54r 

10000 

»r                                         »• 

OleCiuiit  |{!u ,,..,.,,,. 

l-OGfiU 
1-5310 

Hayknift. 
Duloiii;. 

0-4207 

1-576.1 

15690 
1-5309 

Dr  111  RopIih  «i  Btrard. 
I>e  ki  Rive  &  Marcet. 

All  gases,  according  to  Hajkraft,  and  alt  eiinpls  ^sea  at  lejut,  a**- 
cording  to  De  la  llivo  &  Miircet,  Lav©  tlio  same  relative  lioat :  the 
Renter  relative  hctat  wlii^'h  Haykraft  found  in  defiant  gaa  lie  attributes 
to  tho  mixture  of  etlier  vajiour  witli  llie  ma.  But  according  to  all  othefj 
obBOrvationa,  this  Tiew  first  lU-omiilgated  (ffiVA.  45,  321)  but  afterwanl* 
retracted  {Gilb.  4W,  392)  by  Gay-Lus«tiCj  is  very  doulitful. 

If  the  (jiiatitity  of  Iieatrcfiuired  to  raise  by  1°  the  temperature  of  air  en- 
closed in  a  vessel  with  rigid  slues  bo  assumed  =  l-OOO,  tlio  ij^iiantit  v  reqain"*! 
to  produce  the  same  rieo  of  temperature  in  an  equal  qujiutity  uf  lur  coD- 
fineJ  miller  tho  same  preaaure,  in  such  a  manner  that  while  the  pnitHurp 
retnaitia  constaat  it  can  expand  freely  when  heated,  will  be  1'I21 ;  ami 
if  it  be  a^aiti  reduccl  by  pressure  to  its  former  bulk,  this  qaantity  1-421 
of  heat  eorreBpouding  to  the  iocreuae  of  volume  must  be  set  free.  A 
distinction  muet  tlierefore  be  maJe  between  {«)  Relative  Heat  under  con' 
stant  volume,  and  (b)  Rebitive  Heat  unJer  constant  pressure  (Dulonc; 
[Tho  relative  lieata  given  in  the  table  refer  to  h.']  Air,  orygen,  hydrogen, 
and  carbonic  oxide  e^is  have  the  same  relative  heat  under  constant  pn^ 
Bure  j  beucfl  it  may  bo  surmised  that  thoy  have  likewise  the  same  relative 
heat  under  constant  volume,  and  therefore  that  they  evolve  the  srum 
quantity  of  heat  when  subjected  to  tho  same  pressure.  Carhoiiio  acid 
gas  miJer  the  same  predsuro  shows  a  rise  of  temperuture  of  only  0'337^ 
nitrous  oxide  gaa  of  0'343  ,  and  olofiant  fras  of  0*240".  If  it  be  assumed 
that  all  gases  when  equally  compressed  evolve  the  same  quantity  of  heat, 
thoise  last  three  gasea  must  be  supposed  to  have  greater  relative  heat  with 
reference  to  a  given  volume ;  and  this  may  be  reekoned  (assuming  that 
of  air  =  1)  fur  carbonic  acid  gas,  0337  :  0'4'21  =  \  .x  =  l-24y,  for 
nitrcjus  oride  ga8=::l-227.  and  for  olofiant  gas  =  1  754.  To  find  the 
rohitive  fif'iit  of  carbonic  acid  gas  with  reference  to  a  uoustant  pressuni, 
We  have  the  proportion,  i-421  ;  l-24y  +  0-421  =  1  :jr=  1-175;  and 
on-     A.-.i.pding  to  theao  suppoaitions,  all  gaeea  under  the  saaiie  preasm 
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mJ  ftlen  fqnally  compressed  under  the  same  volume,   evolve   equal 
"untitiea  of  heat;  and  the  rise  of  temperature  theru by  produced  varies 
Twselj*  as  the  relative  heat  of  the  gas  referred  to  a,  constant  volume. 

If  Ibe  relative  heat  of  common  air  at  0-7405  metre  external  pressure 
le^Okl  to  1,  the  relative  heat  of  air  under  a.  pressure  of  1-0058  met, 
'  tdensitj  of  which  will  be  to  that  of  the  former  =  1-3583  :  1)  will  be 
)"J3(i!l.  uccording  to  Dclarocho  &  Bemrd, — while  the  speciflc  heat  of  this 
TODjensed  air  will,  according  to  these  numbers,  be  y'ff  f^  =  0-fll26,  the 
spwific  lieat  of  air  at  the  ordinary  pressure  being  supposed  =  1,  If  the 
wlwive  heat  of  air  under  a  pressure  of  0758  met.  be  assumed  s:  1,  that 
of  air  at  a  pressure  of  0-370  met.  will,  according  to  Clement  &  Desormea, 
1*0-893;  at  0-iS9  met.  it  will  be  0  540,  and  at  0-0!)5  met.,  0  368. 

If  the  specific  heat  of  air  at  —  20'  =  1,  that  of  air  at  +  52"  will  be 
IS06;  hence  the  specific  heat  of  gneea  increaeea  with  the  temperature 
(fiiy-Lnsaac,  Ajin.  Chim.  83,  108.  Cowp^  Suermanu,  Ann.  C'kir/t.  Phyv. 
«a,  327.) 

In  tho  two  tables  which  follow  (pp.  241, 244)  Av.  denotes  Avogadro,— 
0.  D,  Clement  and  DcBormcs, — Cf.  Crawford,  —  Dl.  Dalton, — -Da,   De- 

?'K\t, — O.  M.  Dc  la  RivG  &  Mrirect,— Hs.  Hes8,^Kw.  Kirwan, — Hra. 
enuaon,— Nm.  Neumann, — P.  D.  Petit   it.  Dubng, — Pr,  Potter, — Bg. 
Ikgnanlt, 

Sptcijfc  Heat  of  Liquid  and  Sf/Ud  Elementary  Bodiet  that  of  Water 
=  I'OOOO. 


H|. 

0-1192 

DM 

^K' 

01469 

Rk 

l^p^ut. .. 

0-2019 

^^•■I*»t  ■  fe 

019/ft 

1* 

Iv  .1,,.. ,. 

0-20,1fi 

It 

"f , 

0-2017 

M 

f-*  ...... ,. 

0-2031 

If 

0-2il5 

** 

0-2009 

DM 

^-Wdemtfly 

CS;---  •• 

0-2064 

M 

^t.*^.. 

0-1592 

*l 

^K  oil 

^^■h* 

0-1801 

1i 

^^K^. .  .. 

0-2570 

Av 

^^Ercoal 

0-2608 

ll(f 

0-18B7 

>i 

0-290O 

Hm 

^^f 

0-3B50 

At 

^B.... .. 

0-ISBO 

PD 

^^t 

U'1900 

Dl 

^M 

0-2026 

Rr 

^H 

0-2090 

Nm 

^K. 

0-0«?5 

Hn) 

^^b 

008.14 

DM 

^P 

0-09;t7 

B« 

U .,  ,,i,  .. 

0-054 1 

PI 

0-0890 

A* 

gM- 

M.-J.^O 

DM 

m. 

0-0350 

i-t 

■ 

0-0364 

R« 

Molybdenum  .. 

0-0659 

DM 

00?22 

Rk 

Uranium  ...... 

0-0619 

•  t 

Manganese  con- 

taitiin^  C  , , , . 

0-1441 

*i 

ArwDie    ...... 

0-OSOi 

Hm 

0081O 

Av 

0-0814 

% 

AotiinoRy 

0-0470 

Nm 

0-O496 

llm 

0  050S 

^ 

0-0520 

Pr 

Tdlurinfa     .... 

0-0515 

Rk 

0-0912 

PU 

Dismuth  , 

0-0270 

Nm 

00289 

I'D 

00308 

Rfi 

0-0330 

Pr 

Zinc.......... 

0-0927 

PD 

0-0929 

Nm 

0-0940 

Pr 

0-0955 

Rff 

0-1000 

Dl 

Cadmioin . . .... 

O-OSft.") 

Hm 

00567 

«ff 

0-0576 

DM 

Tin 

OOSli 
0-0516 

II 

PD 

0  0560 

Pr 

o-»a2 

Rk 

00700 

Dl 

Lead 

0-0293 
0-0299 

PD 
Hm 

Lead. . ,, 

Iron  ■  • .  I . .  • .  • 


Cobalt  ........ 

—  contaJning  C 

Nickel ........ 

—  coutunLiig  C 
Copper 


Mercury 
Silver  .. 
Gold.... 


Plitinum  ...... 

PatUdium    .... 

Iridium 


0-0314 
00320 
00400 
0  10«4 
0-1 100 
0-1130 
0'113S 
0-1300 
0-1070 
01171 
0'n72 
01498 

O'io3a 

01086 
0*UC3 
0-O9i9 
0-09iO 

ooaai 

0-0960 
00961 
0-0318 
0  0330 
00333 
00557 

o-oajo 

00590 
0-0'298 
00324 
00340 
0  0314 
0-O324 
0-0593 
0-0368 


Pr 

Dl 
Hm 
PD 

Ft 

Kb 

Dl 
% 

DM 
PD 

E« 

PD 
DM 

R« 

Pr 
Hm 
DM 
Kw.Fr 

R« 
PD 

Pr 
PD 
Kg 
Pr 
PD 
K« 


From  gM-rrtc 
IProtn  (motiei  cofti 
vol.   1. 


rii.     *  From  AntJiracite 
contiining  4 — 5  per  Msnt. 


from  Wale*  eonttSiitng  3  per  cent,  of  "b. 
-- lb.     *  Puaed  thraugb  a  red.hot  tab*. 


242 


HEA.T. 


H«at«d  to 

Iron.    Mercuty. 

Zinc.    Antimonj'. 

Silver, 

i(rt' 

0-109S      0-033 

0'092r      0-0507 

0-0557 

aoo" 

03218      0'035 

0-1015      0-0&J9 

0-0611 

The  capacity  for  heat  of  any  mven  body  increBises  with  iU  temj  .  _ 
lure.  If  tlifi  Bpecific  kent  of  tho  following  substanoes  be  detennitte'l,  fii  -, 
by  licating  tbem  to  lOD",  then  phmgiajr  them  into  oold  water  and  oljservJ 
in/j  the  toniperaturo  of  the  water, — secondly,  hy  hcatinf;  them  to  300jj 
and  repeating  the  samo  process,  tho  foUowiug  differences  of  specific  h€ 
will  be  found. 

Copper.  PlmdoDm.  GUaaJ 
00949  00335  fl'177 
0-1013      00355       0-19i. 

Those  metals  whose  rate  of  expansion  increases  most  rapidly  wh« 
tliey  arc  heated,  likewise  increase  most  in  specific  heat;  the  relative  hei 
also  increasoa  in  so  far  as  when  t!ie  expansion  amounts  to  ^-J^i  *^*  '"^1 
ciwsed  capacity  for  heat  ia  about  ^.  (Dnlong  and  Petit.) 

The  specific  heat  of  copper  is  reduced  by  violeat  hammering  I 
0095  to  O'093.5,  but  raised  again  by  ignition  to  0'0949;  Jead  and  tin,  oB 
the  contraiy,  which  do  not  increase  in  specific  gravity  under  the  die,  lik< 
wise  suffer  ao  diminution  of  specific  heat  by  prefisnre.  (Regnault.) 

IF  Regtiaatt  also  finds  that  soft  e(e«1,  the  deasitv  of  which  at  14"  C. 
7*8609,  has  a  ispccific  heat  of  (>■)  IH5  ;  hard  steel  of  density  7*79i82  haa 
apecific  heat  of  0-U75. — The  specific  heat  of  soft  hell-metal  (80  Cn  +  20 
Sn),  wliich  has  a  denaity  of  8*6843,  is  0  0862,  while  the  same  met/il  hard- 
cued,  in  which  etato  its  density  ia  S'5T9Tf  haa  a  specific  heat  of  0'0S58^ 
{Fwfff.  02,  50.)  ^ 

In  the  same  memoir  Regnault  gives  the  epoci fie  heats  of  several  mctala 
in  the  finely  divided  state,  as  determined  by  the  method  of  cooling.  The 
following  are  the  results. 


Sahitincfii 


Specifio  Heat  dcteitnLncd  by  cooUng  from: 


20"=  to  15'.        ly  to  10°.         10'  lo  7.*, 


Aiitimonjr  ,,..... 

Grain  tia 

Batka  tin  (Alingi) 

Zinc  .,. 

Cudmiani 

Biamuth 

Arseiuc    ........ 

Copper 

Spoogf  (ylntiaum. . 
Silver  filiDgs    .... 


Precipitated  silver: 

1,  Very  littk  preswd , 

2.  More  stroDglf    . . . 
S.  „ 

*. 

B.  „ 

6. 


7.  StHHiiflf  baminered  and  then  robbed 
B.  More  strongly    ................ 


006424 

00.'jfi62 
0-09123 
005938 
003639 

O'ODoia 

009947 
O0350& 
0  05424 
005020 

0-08535 
0-05844 
0-05740 
0-05609 
0-05777 
0-(J60fi9 
0»5(i34 
0-05610 


006307 
005546 
0-05014 
009252 
0-05!JG9 
0*03728 
O-IW0S5 
O-0S913 
00.1449 
005458 
0-05612 

0-08441 
005772 
0-05713 
0-05  GOl 
0-05767 
O-06O3S 
005671 
0-O5G24 


O-0S3Q5 

O-0.i4:7 

OOSfi.'il 

009142 

0-05908 

003732 

0-0'Ji 

0-0«8. 

00351 

0  05 13.1 

O-OSfill 

009519 

0-0.'')78l 
0'0o749 
0056GG 
0-05 793 

oocosa 

0  05«54 

oQjaso 


50»^ 


The  greater  the  atomic  weifjht  of  any  subijtanco  ihij  smaller  will  bo 
the  nambcr  of  aloma  of  it  required  to  mate  up  a  given  aheoiuto  wei^ti 
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&iac«,  foT  example,  an  atom  of  hydrogen  weiju;bs  1,  an  atom  of  eulplmr  16, 

i»d  W)  aloni  of  Bilver  108,  a  jmjuuiI  of  sulphur  uiQst  contain  ^  and  a 

foJioJ  of  i«ilver  j^Y  ^*  many  atoms  as  a,  pouuti 

•pcrtlif  bt:at  (capacity  for  heat  rofeired  to  n 

lUuLT  le  multiplied  into  itjj  atomic  weight, 

npMty  for  heat  referred  to  a  given  nuinter 

June  ill  the  following  table,  in  wliicli  the  data 

k  Roctio  <fe  Berard,  Re^Dault,  NeiinianQj  and 

fiven  in  iLe  tabic*  (pp.  230  and  241), 


of  hydrogen.  If  then  Iho 
^ivcu  weight)  of  any  eub- 
tho  product  will  give  the 
of  atoms.  This  ha^  been 
cniployfid  are  thosg  of  De 
De  la  Jtivc  &  Marcetj  aa 


CapacUy  for  Meed  t^ikt  Aioms  of  Eleinintari/  Sulfttancee. 


Siit»laDre. 


"•tNgni  gas 
I^HBowl .. ., 

fiopUte 

CWiml  .... 


UiiM 

51, 

^nait    ... 


Sp«dfic 
Hut. 


0'2361 
3-2936 
0'27a4 
0H69 
0'2019 
0-20C)<J 
02,115 
0-29&4 

oitse? 

0-202C 
0-OB37 
»05ll 
0-1350 

0-0722 

o-o»u 


Atoniii' 

WetgLt. 


8 

I 

U 

5 

G 

6 

31-4 

16 

40 

126 

78 '4 
95 
i» 
27-6 
75  2 


Product. 


1-83S6 
3'293C 
3-85S6 
0-8814 
1-2114 
1-20S4 
l'44y0 
1-7/84 
5'9250 
3-2416 
3-3480 
6-8166 
10-5840 
3-45aO 
3-4C56 
3-97/2 
6-1213 


Stit^Gtance. 


Antimony 
Tellurium 
BLisnutli . 
Zinc  ... 
CadtDluia 

Tin 

Lead  .1  >. 
Iron  . . . 
Cob&tt. . . 
Nickel. .  , 
Copper  . 
Mercury  . 
Silver  . ,  , , 
Gold  .... 
PiatinuQ] 
Palladium 
Iridium  . 


Spefifit; 
Heat. 


0-050S 
0-05]  5 
a-030S 
0'095& 
0'05G7 
0-0562 
0-0314 
0-U38 
01070 
0-1086 
0-0951 
0-0333 
0'057U 
00324 
0-0324 
005S3 
0'03C9 


Atomic 

Weiglit. 


129 

64 

106-4 
322 
55 '8 
59 

103-8 
27-2 
29-6 
29-6 
31 -« 

101  4 

108-1 

)99 
W7 
S3-4 
38-7 


Product. 


6-5532 
3-2960 
32771 
3'07ii 
31639 
3-3158 
3-2593 
3-0954 
3-1672 
3-2146 
3-0242 
3-3766 
6-1617 
6*4476 
,1-1973 
31666 
3-6322 


Prom  their  exafit  dcterminatioDS  of  the  specific  hcaU  of  ecvDral  ele- 
Hfiitiiry  bodies,  Petit  &  Duloug  deduced  the  law,  that  the  speeific  heats 
"f  diew  bodies  vary  inversely  aj?  their  atomic  weights, — ao  that  an  atom  of 
*".>' liijijjle  substance,  whether  ita  volume  be  gre.tt  or  <?mall,  bae  the  aumQ 
aj«erty  lor  heat,  and  rc>[iirrea  the  £ain«  quantity  of  heat  to  riiise  its  tem- 
Pttare  through  a  given  uninber  of  desree^i,  iin  an  atom  of  any  otb^M-  elc- 
•aitary  subutaace.  The  exceptiona  whieb  tbcy  found  to  this  rule  bare 
'•tn  for  the  most  part  renin  vod  by  tho  later  observations  of  Reg-nault,  aa 

K11  in  the  procodiug  table.  In  most  isubstance*!,  tlio  product  of  the 
i&e  li«at  iuto  the  atomic  weight  i^  nearly  3'2.  Exact  agreement  la 
Ui  be  expected,  lunamnch  as  the  epecitic  heat  of  a  body  varies  «vlth  tta 
*'u»ity,  and  undoubtedly  increases  to  a  great  degree  when  the  body 
f*ae«  from  the  eolid  to  the  liij^iiid  or  ga^eaas  atate. 

With  rDga.rd  to  the  non-ga.seoUi«  Eiubiitancet)  of  the  foregoing  table,  the 
WJvwiug  circumalances  may  ho  ovtiocd.  The  deviation  in  the  case  of 
Bangaoeuo  perhapH  arittes  from  the  presence  of  cai-bon  in  the  metal  cxa- 
Ouwd  by  Bognault,  and  that  in  tho  case  of  iridium  from  the  impurity  of 
•4»  luelM. — Phojipborus,  Iodine,  arsenic,  antimony,  silver,  .ind  gold,  exhibit 
twice  AS  much  capacity  for  heat  in  the  same  number  of  atoma  as  most 
«ll)cr  Kubstaiicet?.  This  exception  might  be  made  lo  disappear  by  halving, 
»»  i>>  done  by  miiny  cbemi«ti#,  the  atomic  weigLttt  of  tliCiSC  eubstances, 
But  if  the  atomic  weight  of  iodine  be  reduced  ine  half,  the  same  must 
tijr  be  done  wltb  icgaid  to  hydrogen  aud  tiitiogen,  and  then  lb<e 

n  2 


1 


UEAT. 


I  Wat  *f  Af  ki£M  vwdl  also  1m  redumd  one  kalF.  J 
I  lalvng  «a«U  mfa  tba  iWMiril  fornml*  nABecManr 
TV  iifiiij  hi  hi  il  of  li^aiil  hjiTWiiT  ■ppfiirr  In  ho  thrm  liii 
M  that  «r  MMt  tlitati;  Wt  fran  the  aoalogy  betwe 
aad  mAbb,  H  aaj  te  tawoaii  tkat  the  ea|«dtj  of  soli 
tviee  as  graat  as  that  af  we  ma^titf  «f  niopb  i 
fcv  heat «(  mthmt  ia  the  feira  ol  dianood  b  ^,  la  that  < 
ia  tkat  of  ekanoal  abeat  4  tlv  ordinarr  uaoanl.     Tkese  ex49 
Bo«  be  cxpUiaed  avmj;  we  csaoot  treble  at  tjtmdrvpiti  ao^  i 
tbe  ataaue  wajgiit  of  auboa  withoot  iacaxriag  gnat  taconreoii 
Amei^  gaseeat  bodies,  nitrogen  coafbnns  most  doaely  to  tl 
tke  W;gf  product  vbicb  it  giree  ia  relvrabte  to  ih*  increase 
beat  ariaiag  froai  tbe  gaseous  foncu     Ujdrogea,  vhoae  ^ectf 
prabablf  eMiaiated  too  low  bj  De  la  Roche  &  B^taid,  is  ai 
fMHutf  witb  tbe  law.     Tb«  VUaax  of  ozjgeii,  on  tbe  ooatm| 
bava  oalj  half  tbe  ordiaaij  capacitj  for  heat. — If  we  saf 
kiaft,  De  la  ttire,  aad  others,  that  all  simple  gases  hare  I 
beat,  aad  that  the  law  of  Daloa^A  Petit  bohU  good  withoal  i 
tbe  law  af  BeiaeJitts  (p.  45)  will  he  esublisfard,  vn 
denteataiy  gases  all  contain  the  eaxae  ntinibcr  of 
Ttdnme;  iai  the  divisioa  (p.  53)  of  g&ses  iolo  6,  2, 
consideTOd  aa  incorrect,     fttit  the  preceding  table  riiai 
to  the  law  of  Dulong  &  Petit  occur  even  atnoag  gimf.* 
tnercly  oornpare  oxjgeo  and  liydrogen  with  one  asotber, 
atomic  weight  of  hydrogen  =  1,  and  that  of  oxygen  =  1  It, 
for  heat  of  the  atom  of  hydrogen  will  be  3"2936  .'l  =  3-230< 
the  tttoni  of  oxygen  0-2361  .  Ifi  =  3-777t>, — prodncbs  which  i 
pretty  closely  to  those  of  other  substauce^.     But  if  the  ; 
oxygen  be  made  =16,  that  of  E>ulphur  niu^t  be  increased  to  ', 
of  the  metals  mast  aho  be  doubled^  and  then  their  prodnct 
3-2,  but  6-4;  or  if  the  atomic  weight  of  sulphur  be  made  —  16, 
^  8,  and  of  hydrogen  =:  0*5,  the  last  two  bodies  will  give 
or  half  the  product  giren  by  snlphur. 

Alt  this  being  considered,  it  is  impossible  to  get  rid  of  all, 
tions  to  the  Jaw  of  Dulong  &  Petit;  and  i^inoe  this  law  ia  not 
applicable,  it  would  be  n^^tesa  to  remove  a  few  only  of  the 
altering  tbe  atomic  weights,  particularly  wkcu  such  alter 
entail  unneoesaary  complexity  on  cheinintl  formula?.     But 
thms  bear  a  simple  relation  to  the  general  law.     Thus,  if  the  cj 


audi 


of  an  atom  of  sulphur,  and  of  most  other  substances,  be  att 
tbat  of  an  atom  of  diamond  will  be  =  ^,  of  oiy^fn  =  ^,| 
tediaa,  phosphorus,  arsenic,  atitimony,  eilvcr,  and  gold  =  2.     T 

B^ftf^  Beat  of  Liquid  and  Solid  CotufHtundt,  that  of  Water 


C«*0,  nitiml 
liV>,  l« 

t:*o 

M«0 


oiora 

Nm 

0  7200 

CD 

0-9«0» 

Kw 

0-9200 

At 

01 790 

At 

03000 

Dl 

01696 

Um 

0-2459 

% 

0-2?ff0 

Nm 

01317 

HCD 

GO 
UO 

MnO 
ZnO 

SnO  . 


0-1 

01 

0-] 

0-1 

0-1 

0-1 

O'l 

Q-l 

0 

0-C( 


W-  9,  Mttgnelkd  ¥jn%tit 
B*»S' 


MoS*,  uatanl 


AsS>.,,,, 

Fes',  Iran  PjrritM 


'Smite  Trra  PyritM 

AsS',  nstunl 


Sb»>, 


>  jittaril . 


Fe*  As  S>,  nahiTB] . 

CoAjS«        „      . 
Co  As.. 

SUel,  hatd..  ..  ..  , 

soft    ....... 

Steel 

Cut  iron,  white. .  , 

Fine  luebil 

Bnsa ■ 

SaBi.i... 

Sn'Bi    

Sa*Bi'Sb  ...... 

PbSb*    ....*... 

PbSn 

PbSn'    .,,..... 

PbSn'Bi 

PbSa'Bl*...,.. 
HgSn    ........ 

HgSn* 

HsPb    

KO,  HO  ...... 

Cb  O,  H  O    .... 


AI'0>.  3H0    

Pe«0',  3HO 

KO,  CO",  drj 

— —  fused. ., 

NnO,  C  CM,  dry    .... 

fasti 

B»0,  CO*,  Mtural,. 

SrO,  CO*,  natural  ,. 

-  artificial 

CaO,  CO",  BrtiEcial., 


■  Icelnnd  Spar. 


gtatnarj  ro»fble 

chaJk.... 

—  Arr^gonite    , , , , 


01603 
0  0600 
Oiy69 
0>3290 

o-ioy? 

01067 
0-1233 
OUU 
0-1193 
0'127S 
0*1301 
0-135O 
0'U9G 
0' 13.12 

0-ioao 

0-U32 
0-1244 

O'oeio 

00907 
0-0995 
0-1286 
0-1O13 
0-1070 
0-0*120 
0-!O2.i 
01080 
€-1185 
01298 
0-1273 
0  0939 
0-04  00 
004  oO 
00461 
0-0388 
0-OlOF 
00J51 
0-0448 
0-0G08 
00729 
0-0659 
0-0383 
0-35B0 
0*3000 
D-4000 
0-4200 
0-18S0 
0-2370 
0-2163 
03060 
0-2727 
0-1078 
0-1104 
0-1445 
0*1448 
0-2030 
0-2700 
0-20S6 
0-1945 
0-2046 
0'2li8 
0-21 41 

oeois 

0-20SS' 


Hm 
DM 

it 

Nm 
Rf 

Nm 

Re 

A* 

DM 

Nm 
At 

Nm 
Hdq 

Re 

Nm 
Hra 

Rm 
Nm 


Pr 


H« 


,M^O,  CO*,  mtml    .. 
CaO,    CO*    +    MgO, 

I     CO*,  Bitter irpar    .... 

Dolomite  ......  . . 

PbO,  CO»,  srtJ6d«l    .. 
— ^  LeMl  ipar. , 

F«0,  CCI^,  nutonl  .... 


At 

It 

Dl 
At 


R« 
At 

% 
Nm 

R« 

Nm 

Rfi 

At 
Dl 

Rg 
Udi 
Nm 
Rg 

Nm 


Cbryiolite 

Zircon 

Tapai .. 

Zoifite    

Augtte    ............ 

Di(»pii<ii>    

BaMltic  Hornblende  . . 

Actjnolite . . 

Tremt>lit« , 

Adularis  .......■>  i,  < 

OrdinWTT  Felspar  . .  . . 

AlWtr..... 

Labrador 

Gtan 

Fliat-glHi.. ......  ., 

lierine 

KO.  BO'.fnaed 

NaO,  BO»    , 

PbO,  B0»    M      .... 

KO.  2B0>    , 

N#0,  2BO»„      ... 
PbO,  aBO"  „      ... 

KO.CrO'    

K0,5Ci-0". ...... 

UO,  SO'  , , 


KO,SO» 

^-^  ftised ., 

NaO.SO* 

dry    ,.  ,, 

BaO,  S0»,  nntmul  .... 

SrO,  SO*,  natnrBl  .... 

artiAcwl    

C«0,  SO',  Mtuml 

— —  igtkited  .......... 

MgO,  SOMgnited.... 
PbO,SO»    .......... 

tinturikl , 

ZnO,  SO',  dry    

Pe  O,  S  0>     

CoO.SO' 

Apatite  . . , ,  . . 

3  PbO,  PO»,  fused  .... 

2K0,  P0« 

2NaO,  PO»      „      .... 

2PliO,  PO'      „       

CaO,  PO*  „  .... 
3PbO,  A*0*  „  ..., 
CaO,  .\sOt  „  .... 
KO.  CtO»        „      .... 

KO,  NO' 

-   —  fiued. .  >•  .< 


0-2179 
0'2174 
00860 
0-0811 
00818 
0-1 B20 
0-1934 
0-2056 
0-14&6 
0-201S 
0-1940 
0-1937 
0-19UO 
0-1976 
0-204S 
02070 
0-18G] 
0-1911 
019C1 
01926 
0-197/ 
0-I9DO 
0-1 7G2 
0-2049 
02571 
0-0905 
0-2197 
0-2382 
0-1141 
0-1850 
0-1894 
0-3490 
0'350O 
0-1690 
0-1901 
0-2311 
0-2630 
0-1088 
0  1128 
01356 
CI-142S 
01854 
0-1900 
01966 
0-2216 
0-0872 
0*0848 
0-2130 
01450 
0-1800 
111787 
0-0798 
01910 
0-2283 
00821 
01992 
0-0729 
0-1563 
0-2096 
0-2690 
0-2387 


Km 
Hm 
Nm 

S« 
Nm 

»f 
Nm 


Nn 

If 

m 

Nm 


DM 
Dl 
At 
R« 

At 

Nm 

Re 

Nm 
B« 
Nm 
A? 


NtaJ 
At 


HntJ 
Rg 


I 
I 


At 


SPECIFIC  KBAT. 


M7 


K»0,?fO» 

B^O^NC 

fcO.Kry  

A(rO.No»,fu«d 

A9VIW11  Hydroctilorie 
»ri<l«p.  cr,  1-153.,.. 

HO.NO*., 

JUO,  N0» 

AijuMuj  Nitric  add,  sp. 
gr-  l'^6.... 

Aqtftjus  Nitric  ftcid,  «p 
r.  1'2 , 


0-2782 
01334 

01523 
0'1«363 
01-135 
0-2?2S 
0-3020 

o-eooo 

0-4450 
05100 

D'63O0 

0-7COO 


Solution  of  ammonia,  sp 

gr.  0-948   .,  ., 

Alcohol 

Alcohol ,  , 

Etixt ,, 

Volatile  oU  from  olUgaa* 
Kock-Dil, ,  ,..,,,., 
Oil  of  turpentine  , , 

Oli-re  oil     ........ 

VVbolc-oil 


00300 

0-6220 

0-6320 

O-ii'iOO 

U-S500 

0  4;5I) 

o-49;itJ 

0-4249 

0-4620 

0-4  ?20 

0-4880 

0-5040 

o-aaoo 

TLe  specific  Lcat  of  a  coiupoiiud  is  diminislieJ  by  increasing  ita  den- 
"tT;  tjnifl,  peroxide  of  iron  and  protoxide  of  njckc'l  have  tlieir  specific 
heat  climiniebod  by  strong  ignition.  (Hegnault.) — Dimorpliism  appears  to 
«i('r(  no  great  influeuce  upon  speciSc  Ijcat;  <-.  ff,,  in  ca!cspar  and  arrago- 
ii'ic;  in  ctimiriQU  and  white  iron  pyritce.  (Neumann.) — The  specific  heat 
"f*ater  atCie  toit«8iiecifichcatat  lOCas  I'OOO  :  I'OITU.  (Neutnaim,) 

^  Regnanlt  in  the  memoir  before  referred  to  {Po^g.  62,  50)  aiso  gives 
tk*  ptiecilic  he»ta  of  the  following  liqaiila,  detenniiied  by  the  method  of 


Uqiuds. 


Mefcury  ..*•*•■**«***. 

flenbene , . 

OD  of  lemons .«... 

nCwhiuv  I  ■ .  •  •  f  ■  ■  <  • ....  ■ . 

Nitro-twiudd 

Cbiuride  of  silicon 

ioriile  of  tiUuiiiUB  . . , . 

tin  ,..,.... 

ride  of  pluMpliofUB 

Huret  of  Mrboa  .,... 

Hjdro«nlj>lvuric  ether  . , . . 

IljF<inDilic  ciber 

Aleobol „«,.«,., 

Oaik  ether. , 

•«f)irit ,  . .  . . 

obromic  ether 

liride  of  sulphur,. ., ,, 
'  A<elie  acid  (glacul)  ..... 


Mean  Densities. 


20°.,..15°1&°..,.10°  10°  ....5 


13-538 

0-8564 

0'B5m 

0-8888 
0-6K3a 
1-2051 
1-4S84 

1-7322 

1-5911 

0-7185 
0-8356 
1-9348 
0-8078 
1-0898 
O-8130 
1--45S2 
1-6793 


13-570 
0'8G05 
0-85^8 
0-8921 
0-8887 
1-2107 
1-4933 
1-7403 
2-2492 
I'GOOl 
1-2750 
0-72-41 
0-84O6 
l-94i7 
0-8113 
1-09&3 
0-8173 
1-4G79 
1-6882 

I'Oa^i 


13^82 
0-8645 
0-8597 
0-8953 
0-8931 
1-2159 
1-50S3 
1*7487 
2-2618 
1-GU9I 
l-28'^3 
l-72ii7 
0-8406 
I -9507 
0-8150 
I-lOlO 
0-8217 
1-4775 
l'C970 
1-0047 


Specific  Heats. 


20''....15°I5^...  10'  15°....  5' 


0-0290 
0-42(17 
0-4501 
0-4342 
0-3932 
0-3449 
0-1904 
0-1828 
01416 
0-1991 
U-2206 
05157 
04772 
0-1584 
O-fiUa 
0-4554 
O-60O9 
0-2153 
0-2039 
0-4618 


00283 
0-4156 
0-4424 
0-4325 
0-3865 
0-3478 
0-I9D4 
0-1802 
0-1402 
0-1987 
02183 
0-515S 
0-4656 
9-1584 
0-0017 
0-4521 
0-5868 
0-2135 
O-2024 
0-4599 


0-0282 
0-4154 
0-4489 
0-4321 
0-3999 
0-3524 
0-1914 
U'18I0 
01421 
0-2017 
0-2179 
0-52O7 
0-4715 
0-1587 
0-5987 
0-4629 
0-5901 
0-2164 
0-2048 
04587 


Regnault  likewise  giTea  the  mean  apocific  heats  of  the  following  i»o- 
mrrio  liquiJg  for  lomperatnrea  between  100°  and  15"  C. 

*  Ibt  mott  roUtile  of  tlie  oils  wluch  Fandaf  obtained  from  oil*gu. 


IIBAT, 


Te'  S",  Magnetiaa  Pyrites 

mn* 

CSi    ..,,„,,, 

Mo  S*>  mtaral 

A«S* 

En9,  MnMic  guld    .... 
IM*ii  Iran  Pjrn(«a  .... 


^^  White  IroB  Pyrites 
Ajfl*,BaMnl    .•..■•.. 

SbS* 

^-^  Qtturftt  .•• 

F«*  As  S*,  nabini ...... 

CoAiSt        „ 

Co  As 

Stfcl,  hard., 

^-^  tdft . . 

St«*d 

Cwtiroo,  wliitt. ....... 

Fine  ttittil  I > 

Brui ................ 

Sn*Bi 

Sa*Bi'Sb 

PbSb» 

PbSn 

Pb  Sn'    

Pb  Su*  Bi 

Pb  Sd«  Bi« 

IIkSh 

MgShi .. 

li^Pb    

KO,  HO 

CoO,  HO    

AI«n»,  3H0 

Tf*0\  3HO. 

KO,  cot.  dry........ 

^— -  ftitied. ,  . . 

Nn  O.  C  0«,  dry   

fu!U"<! 

UiO,  COI,  natttftl 

it  O,  C  n*,  nitnrkl .... 

■         iirtiftdal    

C«  O,  C  0«,  urdfieltl. . . . 

■■— ■—  IiTlnni)  »p»r 

-  ■■  Cilrtiwr   ...,.,,. 

-J—  italiiary  niarlil«    . . 

cliatk 

—  Axnifonll*    ■■•■.. 


0'1G02 

V'OGftO 
01969 

0-10!>7 

oioe; 

01333 
Ollll 
01193 
0-1279 
OUOl 
01 350 
0-1396 
013M 

o-ro,w 

0-1132 

OPB(0 
00907 
0'099& 
0'12e« 

oioia 
o-io;o 

0-0920 
0  1024 
0-1080 

OHM 

01298 

0-1273 
00939 
O-OIOO 
0-0450 
00461 
0-0388 
0-0407 
0-0451 
0-044g 
0-0608 
0-0729 
Q'0fi59 

0-o.mi 

0-3580 
0-3000 
0-4000 
04200 
D'lflSO 
0-2370 
0-21«3 
0-3OfiO 
0-2727 
0-1078 
01104 
01445 
0-1148 
0'2030 
0-2700 
0-2(tti6 
01345 
0-2()(6 

Oinn 

O'SOIS 

0  2O«& 


4  1 

U  tn 
DM 


At 


% 


MgO.  * 
CbO. 

PbO.  t 


P«0,  co«, 


11 

J.: 

Act.vm.iUu- 
Trelnolit* 
Adukriaoi 
Ordinary! 
Alfaite. ,.,. 
L«br«il(>r 
Glnsii..  .. 
nint'glaM. 
1 serine 
KO,  B*_ 
NaO,  Bl 
PbO,  B1 
K  O,  2B< 
NaO,  ta] 
PbO, 
EO,  Cf< 
KO,  2C 
HO,  81 

KO,  S< 

NaO,  S< 

fiaO,!^ 

SrO,  S( 

Mtil 

C«0,  Si 

Mf  O.  SI 
PbO,  SC 

-    — '  DSta^ 
ZnO,  S0*,< 
PeO,  SO' 
Ca  O,  S  O* 
Apatjta  .... 
3PbO,  PO*J 
2KO,  P0», 
«N«0.  rn- 
2Pb(),  I'M 

c«o,  I'tr- 

.IPb  O.  A» 
Cfl  O,  As  ( 

K  o,  CI  r 

K  O,  N  < 


)>t4*tu:i». 

5ptciS(> 
U««t. 

Ammii! 

Weiglit. 

PrwlucL 

'*,  SiO"  .. 

0-iisa 

Bl-fl. 

13J-337 

-    Li  (>'  

0-3«19 

S3 

losoq. 

■,  !H)'  ,. 

0JS71 

6a 

JS-9Afl 

(    BO>  ... 

<J-t>i«ia 

]4s-e 

13-2fi7 

■  mo' ... 

t)3U»7 

lies 

S,VftBl 

■',  2BO'  .. 

o-aMa 

looa 

34-Ola 

n.SDO'  .. 

<11UI 

181-4 

20-0  StS 

■  J   Tt  CP  , . . 

l)-18(H) 

(PO-S 

JS;h7I) 

'  •■iVrO*  .. 

01801 

isi:-4 

SHU  76 

'►  SO'  .... 

0-fHUO 

40 

17101 

■■SO"  .... 

o-ioni 

6T-3 

]8fi79 

■  .'VSO'.... 

ir*;in 

71-3 

10  4M 

|.,<i,  so*..,. 

0J1S8 

]10« 

13Ua 

.►.SO'.,,. 

(lM3ft 

M 

1313.4 

■    .'),  SO'.,,. 

OlMiU 

0H-« 

n-70(l 

1,(),9  0'  .,. 

o-rjirt 

flo-; 

13441 

■lO.BO'.... 

(JII81S 

la  1-8 

14lS7a 

'I'l.t).  PO*.,, 

007(18 

40a-8 

aa-«s 

■KO.  PO^  ... 

icuno 

las-A 

arasa 

.■\.,o.  ro"... 

U2'i^3 

laa-s 

tmina 

-fi.ci,  po*.,. 

0(iS-il 

SOS 

2431fl 

'     >O.P0>..,. 

OlB'J-l 

li^O 

lo-ega 

U'ti<J,  A»0«,. 

iKnm 

uoo 

32'601 

liO,A»0»  ... 

O-UdS 

1H9'1 

25-3SS 

Kii.rio*.... 

u-sooe 

l-2i-8 

25-en7 

KO.NO' 

0'238T 

101  ^ 

94-ise 

KuLt.NO'... 

03783 

ftaa 

23-703 

AgO,  N0»  ... 

OliaA 

i:o-i 

94'lOe 

BiiO,  NO*  „. 

oiaas 

IHOtt 

i(i8ao 

SrO.NO'.... 

niiisg 

100 

17  840 

C»0,S0'.3H0 

0-2738 

e»i 

23607 

'  ^itnilivr  Ktoicliioinetrical  composi- 

,  metuUie  oxides  and  sulpiiurots,-^ 

111;  ami  Regnanlt  showed  that  tlie 

iiatiy  otlier  serros  of   contpounde, 

I  It;  iiulphiirets,  llio  lieat-i"apacity  of 

taking  the  siuii  of  the  capacities 

;il3o  L.  Gitielhi.     (Gehler,  /'h^mi. 

1',  Jiitb  this  is  based  may,  with  a  few 

.  ii.jiplii'alle  in  thu  following  terms: 

iiintl  atom  is  formed,  retain  therein 

[lossess  wli«n  aeparate;  .ind  «onse- 

ijiomid  iitoin  is  the  sum  of  the  heat- 

11  njiupotiio  it.     S&me  cases  however 

lint  thp  heat-c.ipacity  of  certiiin  sub- 

n,  rnrivB  by  simple  tntiltipEee  acoord- 

I'xiat     Exact  agreement  is  not  to  be 

■zrt-Al  diflerencea  between  the  resutts 

■  .iityin  the  caao  of  a  few  sulwtancca, 

.'ily  determined^ — and  inoreovor,  tho 

iTJcs  !i<?eording  to  circumstancea.     It 

liat  ill  all  cased  when  the  specific  b?at 

■  •  liquid  £tate,  the  heat-capacity  of  the 

lit  which  results  from  calculation, — un- 

<■'  i.'a:sc  of  water,  the  passage  of  a  body 

iri  attended  with  an  increase  of  spcciiia 

. 4:1 1 ion  between  the  resnlts  of  calculation 

will  be  taken  from  the  fott'going  tablq 


* 


Oilortnrpaituie......  0*4673 

Terelwne 0  <6S6 

TercbUeue.... OM&80 

Ctisplulene 0-4519 


Oiloriemoni 0'4879 

orange  ■ 0"4886 

Jtiui)H!roil 0'4776i 

pBti^)l«ic 0-4684 


Favre  and  Svlbermann  {Ccmptet  rendut,  23,  524)  and  Andrews  (Qu. 
J,  o/Chem.  Stx.  I,  27)  haro  also  detemiiaetl  tlie  specific  beati  of  a  con- 
siderable nainbor  of  liquids.     TUe  resulto  obtaiued  bj  tbeee  eiperimcntera 

are  gJvcn  in  the  following  table: 


,Sp.  Heat. 


0-107 

0-64490 

0-617 

0-67127 

0-613 

0-58728 

0-50342 

0-517 

0-52117 

0-50922 

0-G0401 

0-4?857 

0-41420 


A. 
P.  S. 

A. 
F.  S. 

A. 
F.  S. 


A. 


Acetic  ether 

Formic  «tlier ....... 

Oxalic  ether  ,,,..,. 
fiutyniCe  of  metbifl    . 

Ethd 

Oil  of  tarpeutine  .. . 

Terebrne    

Oil  oriemont    .. .. . 

Hrdrocarbons; 
C"«H",  n,  p.  198°. 
C"H".     ..     255'. 


Sp.  Hemt. 


0-48344 

0-474 

0-4SS 

0457 

0-19176 

0  51600 

S-46727 

0-52409 

0-50233 


0-49385 
0  49680 


Obc. 


F.  S. 
A. 


F.  S. 
f.. 


In  the  subjuined  table,  the  gpecific  beat,  as  far  as  it  appears 
be^ii  correctly  deteniiiaed^  is  again  compared  with  tbe  atomic 
and  thus  the  capacity  for  heat  of  compound  atoma  is  found. 


to  hav« 
weight, 


CapacUif  far  Heat  o/thf  Atoms  e/ Compounds. 


SptM-ific 

Abimic 

HmL 

Weight 

0  1739 

74-B 

0  8U0 

fi8-8 

0-3SAU 

41  S 

OOSll 

14SA 

0-M99 

104 

o-iidsi 

79'4 

flio4a 

a«9 

0-lB(fl. 

4S1 

(1-1 4M 

63 

o\m 

B7« 

O-lrtlO 

01-4 

0(1604 

ISO' a 

o-iMieo 

laaa 

0-lUll 

«s-a 

0H7IJ 

yi»s 

u-aoBS 

l»7-e 

01760 

181  1 

CH133 

117  fl 

U-1S84 

lei  a 

0(1730 

lSO-5 

0hi.;33 

leaa 

00««T 

lee-s 

OOSBfi 

3«8-8 

O-OSIO 

ie&'3 

DOS  10 

ita-j 
asm 

004S7 

330  8 

00490 

23- t 

<H»I3 

yi^o 

Produtl 


13-SM 

la-sM 

1HI77 
19-071 

oi;« 

S-077 
»-1l07 
6-4»l 
»-349 

S43J 
l»140 
10-l»S 

a»-7M 

SI-SH 

IS'SIJ 
I  4  (101 
13TS4 
»-7ll 

mmi 

13 

13 

la-ft. 

11 
uaii 
aui 

*^«4T 


4^fl 
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iKo. 


SBbstuico. 


34 


41 


KnS 

So  S 

I'bS 

FtS 

CoS. ...... 

NiS 

HgS  ...... 

AgS 

Bi«B* , 

CS»  ....... 

MoS* , 

SnS« 

¥eS"  ...... 

Am^  ...... 

A»S= 

Sb  S'  , ,  . . , 

CoAi 

Sn  Bi 

Sn*Bi...... 

Pbisb  ..... 

PbSn 

PbSn* 

KO  CO*.. 
NaO,  CO«  . 
B«0,  C0»  . 
SrO.  CO>,, 

c«o,co».- 

MgO.CO", 
PbO.CO*.. 
PsO,  CO*.. 
9MgO,SJO« 


Specific 


0-08341 

0-1 M7 

0-1281 
0'<MBO 
0-()7-10 
0-OflW» 
0-!13D0 

011fl3 
0' 13.0  J 

oil  11 

01132 
00907 
00920 
ft-OlOO 
004  JO 
0-0388 
0-0407 

(Hi4ii 

0-2737 
0-1104 
II-H48 
O-atDjH 
(1-2220 
008J4 
0-1  »S4 
frSOoC 


Atomic 
Weight. 


rVixiiicL 


5938 
6-370 
B01I8 

6  663 
S70J 
68.11 
0-017 
»'^8 

13-JI03 

B-«0l 

10-8S0 

7  703 

u-viu 

13  918 
16-0S4 

e-eie 

lO'ODS 

i»-oco 

(1830 
KhOOS 
14-901 

i«*doe 
ifrssa 

10-716 
106»i 

ova 
lo-eai 
noes 

liSJ4 


No. 


19 


61 


Sulnatisce. 


aZrO.  SiO«„ 
KO,  B0>..,. 
NbO,  no' .. 

I'bO,  BO»  ... 
KO.BBQJ  ... 
NaO.  aBO>  .. 

PbO,2ao> .. 

KO.  CfO'  ... 
KU.iCtQi  .. 
HO.  SO»  .... 

KO.  SO'  .,., 
NaO.SO^,.. 
llttO.  SO*,.., 
SrO.  SO'.... 

CiiO,  so>.... 
MgO.SO'  ,,. 
PI.  0,8  0'..., 

aPho.  po>... 

2KO,  PO'  ... 
SN'aO.PQ'.,. 
aPbO,PO»... 
CuO.  PO».... 
3PbO.  A.O>.. 
KO.  AiO>  ... 

KO,  CIO* 

KO.NO*  .... 
NaO.NO'  ... 
AgO.NOt  ... 
B.O,  N0»  ... 
SrO,  Nr)S.... 
CaO.SO^.aHOi 


SpeciJir 
Hcdt- 


0-1  «dO 
0-3D49 
0-SS71 

(1-0B06 

oaiii7 
oassa 

01141 

Q-isao 
o-ia>4 

0-3 100 

oieoi 

U  331 1 

011S8 
0-|4f!8 
01861 
O'J-JIB 
OOSliS 
0-07fl8 
0  1010 
0-22*>3 
0'08T:l 
Oiai>2 
00738 
0166a 
0-W)98 
0-3«87 
0-2783 
0  1136 
01S23 
OKIHS 
0-2? -JS 


ALfitnic 
Weigbl. 


816 
82 

e« 
iifl-e 

Jl«-8 

loo-s 

181-4 
D9-3 

361-4 
iV 
87-2 
712 

1 16  0 

sa 

e8j 

eo-7 
161-8 
400-8 
165-8 
133-g 
98j 

89-9 
450-S 
I63>4 
122-e 
101-3 

85-3 
1701 
13fl-8 
109 

88-6 


Product. 


logos 

1 0-900 
lS-2(ji7 
36-001 
21-010 
20(J&8 
1BJI70 
26'dTC 
17101 
18-670 

16  464 
13163 
13  1S8 
13'70O 
IS- 461 
13-873 
3S-4«S 
31-fl68 
90-610 
24316 
IB-BOO 
33-804 
2Ji<3$S 
26-8(17 
24-168 

a.^-70s 

34-108 
tOgPO 

17  810 
236tP7 


Neamann  first  shewed  tliai  atoms  of  eimilar  etoicliionietricnl  composi- 
tion have  the  same  capacity  ft>r  heat,  e.  g.,  raetaiiic  oxides  auJ  .^ulphurets, 

^nd  $sL[ts  of  carbonic  and  gulphunc  acid;  and  ReguauU  allowed  that  the 
same  law  was  further  applicahle  to  many  other  series  of  compounds. 
Hermann  showed  that  in  certain  metallic  sulphurcts,  the  hent-capacity  of 
the  compound  atom  might  he  found  by  taking  the  sum  of  the  capacitiei  ' 
of  the  metal  and  of  sulphur.  [Comp,  also  L,  Guieliu.  (Gehler.  Pkytik, 
WbrtfTbudt.  df  HI.)]  'Ihe  law  upon  which  this  is  based  may,  with  a  few 
exceptions,  bo  enunciated  as  generally  applicable  in  the  following  terms: 
The  !»imple  atoms  by  which  a  compound  atom  is  formed,  retain  thereia 
the  eaiiie  capacity  for  heat  that  they  possess  when  pejHirate;  and  conse- 
quently, the  heat-capacity  of  a  compound  atom  is  the  sum  of  the  heat- 
dipAcilies  of  the  simple  atoms  which  compose  it.  Some  cases  however 
can  only  bo  e^cphiined  by  sujtpositig  that  tho  hoat-ctipacity  of  certain  sub- 
stances, especially  carbon  and  oxygen,  varies  by  stmjde  multiples  accord- 
ing to  the  compuund  in  which  they  exist.  Exact  agreement  is  not  to  hd 
expected,  since — as  is  shown  by  the  great  differences  between  the  results 
ubtained  by  dilferent  obeervers — it  is  only  in  the  case  of  a  few  substancea, 
that  ihc  specific  heat  haa  been  exactly  determined j—and  moreover,  the 
specific  heat  i>f  the  same  body  varies  according  to  circumstances.  It 
must  be  especially  borne  in  laiud  that  in  all  cases  when  the  specific  heat 
of  a  conipound  is  determined  in  tlie  liquid  state,  the  hcat-capacity  of  the 
atom  thus  found  n  greater  than  that  which  results  from  calculation, — un- 
•Iciuhtedly  because,  as  shown  in  the  cose  of  water,  the  passage  of  a  body  ' 
from  the  solid  to  the  litjuid  state  is  attended  with  an  increase  of  specific 
heat.  Stncci  then  an  approximatioD  between  the  results  of  calculation 
and  experiment  (which  latter  will  he  taken  from  the  foregoing  table  and 


onaexecl  within  brackets)  is  all  tliat  can  be  indicated,  we  ins;  ie  aOowed 
to  shorten  the  nnmWrs. 

According  to  the  lable  (p.  243)  the  atoms  of  most  eimple  suhetuices 
have  tho  Hamc  capacity  for  Loat,  viz.  3'2; — let  thie  be  cailed  the  normal 
capacily. — Carbon  In  tbe  form  of  diamond  scema  to  hare  ^  (0'8)  ^^ 
oxygen  ^  (l-fl)  of  tbie  normal  capacity:  on  the  contraty,  chlorine,  iodine, 
bromine,  pfiusphonis,  arsenic,  antimouy,  silver  and  gold  (and  jodging 
from  the  specific  Leata  of  their  conipounde,  likevise,  potaseiunij  aodiom, 
and  lithium)  have  twice  the  Qormal  capacity,  vii.  8*4.  la  many  oom- 
poBnd*>  however,  oxygen  appears  to  enter  with  2*4  or  |  of  the  normal 
capacity,  and  in  ice  to  poasese  the  normal  capacity  iteelf:  simiLarly,  <mr*i 
bon,  sulphur,  atjd  nitrogen  appear  to  possess  ilifferent  capacities  for  beat^.^ 
according  to  the  nature  of  tho  compound  in  which  they  are  formML 

l.»2Cii  6-4  +  0  1-6  =  S'O  (7'6S). 

2.  H  3"2  +  0  3-2  ==L  6  4  (6-48). 

3.  Metal  32  +  0  2-4=:  56  (5-52). 

4.  3Metal  96  +  40  (at  2-4)  Sfl  =  19-2  (l9  66). 

5.  2A1  6-4  +  30  (at  16)  4-8  =  11-2  (11-17). 

6.  2Mctal  (J-4  +  30  (at  2  4)  =  72  =  13-6  (13*95). 
7-  Metal  32  +  20  (at  1-6)  3-2  =  64  {<i-50\ 
8,  Mo  3-2  +  20  (at  2*4)  48  =  SO  (8-33). 
fl,  B  3-2 +  30  (at  1-6)  4'8  =  80  (S-26). 

10.  Metal  3-2  +  30  (at  24)  7-2  =  10-4  (9'51). 

11.  Metal  6-4  +  30  (at  2'4)  7-2  =  13  6  (H-26). 

12.  Sb  G-4  +  40  (at  2-4)  00  =  16-0  (15-3). 

13.  Ca  32  +  F  6-4  =  0'6  (8-16);  accords  but  Utile. 

14.  2MeUl  6'4  +  CI  fi-4~  128  (1204). 

15.  Metal  6-4  +  CI  64  =  12-8  (12  40). 

16.  Metal  3-2  +  CI  fi-4  =  96  (&'31). 

17.  Metal  3-2  +  2C1  12-8  =  100  (18-60,  but  litiuid). 

18.  P  or  As  64  +  3C1  19-2  =  25'(S  (30-36,  but  liqaid). 
ly.  Metal  6-4  +  Br.  6-4  =  128  (i271). 

20.  Pb  3'2  +  Br.  6-4  =  9*6  (9-71). 
2L  2Metal  6-4  +  I  6'4  =  128  (13  0). 

22.  Metal  64  +  I  6-4  =:  12'S  (13-6). 

23.  Metal  3-2  +  I  6'  4  =  96  (ii-B3), 

24.  2Cu  6'4  +  S  3'2  =  9-6  (9C5). 

25.  Metal  32  +  S  32  =  64  (.?7....6*3).  This  large  variation  makesit 
probable  tbat  sulphnr  enters  into  nmny  of  these  compountU  with  a  smaller 
capacity  for  heat,  perhaps  ~  2  4. 

28.  Ag  6-4  +  S  3-2  =  96  (9-26). 

27.  2Di  6-4  +  38  9*6  :^  lO-O  (15-85). 

28.  If  tho  carbon  in  this  compound  be  supjjosed  to  poaaess  8  times  the 
capacity  for  beat  ■whicb  it  has  in  the  diainoud,  or  twice  the  normal 
capacity,  we  sball  have  :  C  64  +  2S  6-4  =  12-8  (12-5). 

29.  Metal  32  +  2S  64  =  96  (10-36). 

30.  Fe  3-2  +  2S  (at  2-4)  4-8  =  80  (7'7). 

31.  As  8-4  +  2S  6-4  =  12-8  (ll'O), 

32.  As  6-4  +  3S  (at  2  •4)  7  2  =  136  (13-95). 

33.  Sb  6-4  +  3S  (at  3-2)  9-6  =  lC-0  (J  6-05). 

34.  Co  3-2  +  As  G'4  =  9-6  (9-G4),  ^^ 

35.  Sn  3'2  +  Bi  3*2  —  Gi  {0  6).  ^tt^ 

*  Jhete  niiiub«n  refer  to  thoac  in  the  tint  colanm  '  0* 
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•2)  10-4=  19'2(18'4). 


I 


38,  2Sn  «-4  +  Bi  3-2  =  fl-C  (lO'l). 

37.  2Pb  tt-4,  Sb  C-4  =  12-8  (13'0e), 

38.  Like  35;  30  liko  36. 

40.  K  0  (K  6-4  +  0  2-4)  8'8  +  C  0*  (C  1  "6  +  20  ai  2-4  =  4'8)  5'e 
=  14-4  (U-5.... 14-5). 

41.  Mot  0  (according  to  3)  5-fi  +  CO'  (acoording  to  40)  S'fl  =11-2 
(10'5i):  not  sufficiently  near. 

42.  Docs  not  give  a  satisfactory  reeuH. 

43.  K  0  8-8  +  B  0'  (according  to  f))  fi*0  =  IG'8  (18-8....ie'y). 

44.  Pb  0  (according  to  3)  56  +  B  0'  8-0  =  13-I5  (13'27). 

45.  KO  8-8  +  2B0*  160=  24-8  (240..„25-7). 
4«.  PbO  58+  2B0*  10  0  =  21-6  (207). 

47.  KO  88  +  CrO'(Cr3-2  +  30,  at  2-4  =72 

48.  KO  8-8  +  2CrO'  20*8  =  29-B  (28'4). 

49.  H  O  (according  to  2)  Q'4  +  S  0'  (S  3-2  +30  at  1'6  =  4-8)  8-0 
^  14'4  (171);  doea  not  agree. 

50.  KO  8-8+  SO'  8-0  =  l«'8  (lG-4..,.16-6). 

51.  Met.  0  5-6  +  S  0'  80  =  13'6  (130(J). 

52.  .-iPbO  (3.56)  ia-8  +  PC  (P  6-4  +  50  at  16  =  80)  144  = 
3) -2  (32-4(5). 

53.  2K 0(2.8-8)  17G  +  PO' 1 44:  =  32-0  (305.,.. 31-7). 

54.  2PbO  (2. 50)  11-2  +  P  0»  14-4  =  25*6  (24'2) 

55.  CaO  5-C  +  PO*  14*4  =  20'0  (19  9). 

56.  3Pb0  (3.5*6)  168  +  A»OM4-4  -  31-2  (328), 

57.  K  0  8  8  +  As  0'  14'4  =  23*2  (25'4).— SJDce  K  0,  CI  0*  and  K  0, 
N  0*  exLibit  the  same  capacity,  that  of  CI  0*  and  N  0'  as  well  aa  tbat  of 
Aa  0'  must  bo  14*4;  bence  nitrogen  in  nitric  acid  maet  Imve  twice  tho 
ufluaJ  capacity. 

58.  BaO  5-&  +  N0M4*4  =  200  (17*8  ...  19-0). 

5lK  CaO  56  +  SO' 80  +  2H0  (3-6*4)  12-8  =  26*4  (23-6)  :  a  very 
coti.?i«lernljIe  diflercnco, 

H,  ScbriJder  {Pogff.  5%,  369)  proceeds  npon  the  «uao  principles.  Ha 
likewise  supposes  tbat  certain  aiib?tauOM  may  possess  different  atomic 
beat-capacities  accortling  to  the  compounds  lo  whicb  tbey  exist,  and 
brin^  tliis  alteration  of  the  capacity  of  a  aubstanco  into  coiiiicotion  with 
the  diange  in  its  oquivalont  volume:  so  that  the  heat-capacity  of  a  body 
13  aasllent  in  that  conijtound  into  which  it  eutcra  with  tho  smallest  equi- 
valent volume  (compare  pp.  73 — 78).  Oxygen,  «.  ff.  enters  with  a  capa- 
city of  2*4  into  those  cnmpounds  In  wLicb  its  cfjurvalent  volume  ia  2'7 
(atomic  weight  of  oxygen  —  8),  viz.  compounds  of  1  atom  of  metal  with 
1  At.  oxygen,  of  2  At.  metal  with  3,  and  of  3  At.  metal  with  4  At, 
oxyjfen;  and  with  the  capacity  of  1-8  (|  of  2'4)  into  tho«o  coraponuda  in 
wbicii  it's  TiduTiio  is  1*35,  viz.  compounde  of  1  At.  metal  with  2  At, 
oxygen.  Similarly,  with  the  compounds  of  sulphur  and  other  euljstaDCcs, 
as  may  be  seen  more  in  detail  in  the  original  memoir. 

It  may  perhaps  bo  regarded  as  certain  that  tho  heat-capacity  of  the 
fttoms  of  compounds  must  be  emaller,  tho  more  atrougly  their  clomonta 
are  condensed.  This  is  likewise  seen  (not  however  in  all  taae*)  on  ap- 
plying the  method  of  cakuliiting  tondeusation  given  on  page  77.  The 
laller  the  divisor,  the  greater  is?  the  number  of  compound  atoma  in  tho 

e  ppace,  and  the  ),Tr.itcr  therefore  ie  the  condensation  of  tho  element*! 
in  tbo  compound.  At-eorditig  to  puge  77,  the  divisor  for  FeS',  is  G;  for 
Mo  S',  7;  for  Sn  S',  8j — ami  according  to  the  table  p.  249,  the  heat-capacity 
of  Fe  S*  is  7-702;  of  Mo  S',  »-864j  and  of  8n  S',  10  8S«.— Theee  obwrva- 
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tion^  on  the  connection  betwc«n  the  condenstttion  nnd  heat-capacitv  nf| 
elenientB  in  their  cotnpounde  may  eufiicc  for  lite  present,  till  the  mode  oi 
calculating  the  condenfatiou  of  elements  iu  compoundg  eliall  have  beenl 
determined  with  greater  accuracy. 

Avocfadi'o*s  niethckl  of  calculating  the  heat-capacity  of  compound  \ 
ntoin.'s  appears  to  he  founded  on  hypotheses  of  tao  bold  a.  character,  and  < 
therefore  iiiadraissjble. 

The  cajfflcity  of  bodies  for  heat  may  be  attributed  to  their  adhesion  to 
that  element ;  and  this  adhei^i□u  in  the  atoms  of  most  bodies  may  lie  sup- 
posed to  he  of  the  same  strength, — su  that  these  atoms,  when  immersed  in 
a  uniform  medium  of  heat  and  exposed  to  the  same  temperature,  will 
absorb  equal  quantities  of  beat.  Since  the  heat  which  is  attached  to 
bodies  by  adhesion  and  expands  them  has  lost  absolutely  nothing  of  its 
elasticity,  and  leavoa  the  bodies  as  soon  the  temperature  of  any  neigh- 
i>ouring  body  becomes  lower,  even  in  the  slightest  degree,  the  beat  thus 
retained  in  bodies  is  called  Free,  Uncombined,  iymtiUe  ffctU*. 


CuexicaIa  Relations. 

I.  Comhinattims  of  Heat  with  PonderwLU  Bodies,  constilutin^  Fiutds. 

All  ponderable  fluids,  whether  liquids  or  gases,  may  be  regarded  aa 
chemical  combinations  of  ponderable  substances  with  a  certain  exeess  of 
heat:  in  the  absence  of  heat,  all  ponderable  bodies  wonJd  exist  in  tho 
solid  state. 

Substances  which  are  solid  at  comparatively  low  temperatures  asennie 
the  liquid  and  paeons  states  at  higher  tenipemturea.  With  this  chango 
in  their  utate  of  aggregation,  part  of  the  heat  bcconiee  iniieu^ible,  both  to 
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*  Clement  &  Deaormei  coosider  that  even  a  vacunm  hu  n  certain  capacity  fur 
beat,  and  tbey  estiiiute  this  capadty  at  0*4 1,  that  of  an  equal  balk  of  air  being  ifsumeil 
=  I.  But  Gajr-LusHC  bu  shown  that  if  a  Torricelliatt  vacutitn  be  prcHluccd  in  a  tube 
0*U75  metres  in  width,  Knd  containing  A  delicate  ttiemio meter,  no  heating  or  c»oliilK 
tekei  place  on  alteniately  contracting  and  enlarfitif  the  empty  tpsce  by  moTing  the 
incrcnry  quickly  up  and  down,  «n!es»  a  portion  of  air  be  present  {Cvmp.  Prevost,  Aum. 
Chim.  PAy*.  31,  42^).  On  the  other  hand,  Clement  &  Deaormea  admittett  air  into  An 
tropcrfect  TBcuum  produced  lij  the  air-pump,  and  attributed  the  rise  of  temperature 
thereby  produced  to  that  partinu  of  heat  whifrh  was  driven  out  of  the  empty  (pace  by 
the  air  whii.'h  eatered.  But  this  ris«  of  temperature  may  be  better  explained  on  the 
Bupposttion  that  the  air  still  contained  ia  the  veesel,  ai  well  a«  that  which  first  enters,  ii 
compressed  by  the  portion  which  follows,  and  thus  iti  specific  heat  is  diminished.  Aug. 
de  la  Rive  &  F.  Marcet  have  also  shown.  {Dibl.  vnif,  22,  2C&)  tliat  when  a  thenno. 
meter  is  placed  m  the  Tacnum,  dose  to  the  o[>enin|,r  at  which  the  air  enters,  it  aiakl 
during  the  first  tiro  or  three  wconde  when  the  air  etiU^rs,  and  afterward;  riscj,  showiaf 
that  the  air  which  first  enters  absorbs  heat  in  confcquence  of  its  expansioo,  and  after- 
wards evolves  it  when  compressed  by  the  portions  which  subseqaently  enter.  The  fol- 
ld>wing  eiperiraetit  likewise  £''•*  «  aimilar  result.  When  oil-gas,  coinprc»!cd  to  30 
atmospberea,  ia  made  to  flow  into  a  cylinder  3  feet  long,  and  dD«ed  at  the  further  end, 
that  end  becotuef  very  warm,  and  the  ettd  at  which  the  ffut  enters  very  cold  CQm.  J,  (^ 
Roy.  Imt.  N.  S.  2,  474;  also  Sehto.  51,  106). — If  capacity  for  heot  be  due  to  the  adhc- 
•ion  of  heat  to  pond*r»bIe  bodies,  such  capacity  can  icarcely  be  ascribed  to  a  vacnum. 
On  the  other  hand,  the  presence  of  a  certain  quantity  of  beat  in  the  vacuuni  cannot  b« 
denied.  For  the  adhe$ion  of  the  lieat  to  the  solid  walls  of  the  empty  apace  cannot  over-  _ 
come  its  expansive  Force  to  such  an  extent  as  to  prerent  any  of  it  from  remaining  in  Ibe  A 
empty  «paix;  and  the  hotter  tlie  walls  arc,  the  greater  will  be  the  qoantity  of  heat  lelt  1 
in  the  free  iiuabsorbfd  state;  or,  according  to  the  ordinary  view,  tho  opposite  walls  of 
the  Tiwuum  emit  and  rectire  rayi  of  heat  through  it,  mi*  ""^j  the  Tacuom^ 

ntut  be  filled  with  theK  rayi  of  heat,  crosiin g  each  othr  >, 
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|je  ft'olings  and  to  tho  tliarmoineter,  being  then  in  a  state  of  chemical 
toniljination,  ami  tbiToby  ilcprivod,  to  el  certain  extentj  of  ita  claatieity. 
When  these  bodies  returu  to  tbeir  former  state  of  ag^egation,  this  portion 
of  heat  ia  set  free  and  a^ain  b-ecomua  seusible  to  tfio  feelings  and  to  the 
thennotneter.  The  hoat  thua  combined  witli  pomlemble  bodies  iq  tlio 
liquid  state  is  tlience  called  Combined  or  Latejit  Heat,  inasmuch  as  ita 
tendency  to  et^uilibriuin  is  to  a  certain  extent  ovcrcomo  by  the  adhesion 
of  tho  ponderable  substance;  likewise  Heat  of  Fluidity,  inasmuch  as  it  ia 
regarded  as  the  cause  of  fluidity  in  ponderable  hodtes.  It  is  however 
probable  that  eolid  bodies  also  contain  beat  chemically  combined  with 
tliem,  as  will  be  seen  by  II. — It  appears  then  that  a  body  may  contain 
lieat  in  two  slates, — first,  chemically  combined, — secondly,  retained  by 
adhesion, 

I  1.  Formation  of  Liquids. 

f  A  ooliJ  body,  situated  in  a  cold  niediura  into  which  heat  Is  gradnnlly 
introduced,  becomes  capable,  when  the  meJiiim  baa  attained  a  certain 
temperature,  of  fixing  a  portion  of  the  hcat,^and,  if  subjected  to  external 
jjre.«eure,  forma  a  liquid  by  cunibining  wilh  it.  The  temperature  at  which 
this  fusion  takes  place — the  MeUing  Point  ag  it  is  called,— is  very  diffe- 
i^nt  in  different  substances.  The  greater  their  attinity  for  heat,  the  sooner 
do  thoy  fix  it  even  when  diffused  through  tho  medium  in  very  amall 
quantity;  the  smaller  the  affinity,  tho  greater  must  be  the  quantity  of 
beat  collected  in  and  about  the  bodiea  in  order  that  its  expansive  ten- 
dency may  be  overcome  by  that  affinity. — ^AlcohoI  is  liquid  at  —  DO", 
tnercury  fuses  at  — 40*,  ice  above  0^,  eulpbur  at  4-109',  many  metala 
telow  a  red  beat,  others  not  till  raised  to  the  hijjliest  attainable  tempe- 
raturea,  and  carbon  probably  not  at  any  tentpenvture  hitherto  produced. 
Hence  the  distinction  between  easilt/ fumhU  and  refractory  subslaKcea — 
Corpora  fu^ibiliit  ami  refractaria.  Those  compounds  ouly  are  infusible 
which  decompose  below  their  melting  point;  e.  g.  wood. — The  liqae- 
fftction  of  many  eubstauccH  is  preceded  by  a  softening  which  renders  their 
particles  capable  of  sticking  together;  e.  y.  the  welding  of  iron  and  other 
ntetal!?,  baking  of  porcelain,  softening  of  wax. 

Tlie  melting  point  of  each  ladividual  body  is  perfectly  constant :  for 
as  long  as  any  of  the  substance  remains  to  bo  fused,  it  renders  latent  any 
quantity  of  heat  which  may  be  added  in  c.>:cess;  and  it  is  not  till  the 
fusion  is  quite  complete,  that  a  further  accession  of  bent  causes  the  tem- 
perature to  rise.  If,  on  tho  contrarv,  tlie  quantity  of  heat  in  the  Bur- 
rounding  medium  bo  diminished,  tho  liquid  previously  formed  first  gives 
Op  to  the  medium  merely  that  uncombined  portion  of  heat  by  which  its 
temperature  had  been  raised  above  the  melting  point ;  but  if  the  tempe- 
rature of  the  meilJum  ultimately  falls  bolow  the  mclting^  point,  tho  ten- 
dency of  the  heat  to  diffuse  itself  through  the  surrounding  medium  over- 
comes its  affinity  for  the  solid  body,  tho  beat  leaves  the  ponderable 
matter,  and  tho  latter  returns  to  the  liquid  state.  The  temperature  at 
■which  a  botly  solidifies,  or  the  Freeiiitff  Point,  generally  coincides  with 
tho  melting  point:  for  just  as  when  heat  is  communicated  to  a  solid  body, 
the  temperature  of  that  body  does  not  risO  above  its  molting  point,  till  it 
baa  absorbed  the  quantity  of  heat  required  to  melt  it, — so,  on  the  other 
band,  a  liquid  does  not  generally  cool  below  the  melting  point  until  com- 
pletely solidified, — because,  so  long  as  any  portion  of  the  substance  re- 
mains in  the  liquid  state,  the  abstraction  of  heat  from  without  ia  compen- 
awtwl  by  tlio  conversion  of  latent  into  Beneible  heat,     Neverthelesa,  some 
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liquids,  «.  ^.  water,  -wben  kepi  jwrfoctly  at  rest,  may  lie  oooM  several 
degtooa  below  llio  moUJng  point,  ami  in  many  caaea  will  aoliJify  instau- 
tancooily,  partitularly  when  JisturbfJ,  tlie  teiuperaturo  at  die  same  time  I 
tmag  to  tUe  meltiag  point.  {Vid.  pp.  9,  10.) — Rtwpeoting  tUe  difficult 
free»Dg  of  water  in  vessieU  exiiimsted  of  air,  vid.  hugasi  uul  Kries. 
(Pim.  52,  184,  unJ  636.) 

Pare  water  wljcn  agitated  can  be  cooled  but  very  little  below  the 
melting  point ;  but  with  aqueous  solutions  of  salts,  even  when  they  aw 
stroDgiy  agitated,  tho  cooling  (imy  be  (.-arried  a  Jegree  or  even  soveral 
degrees  below  the  melting  point, — the  muterial  (whether  gla.itd,  lead  or 
copper,  of  which  the  vessel  cooBiistSj  appearing  to  hare  no  iafiucnce  oo 
tke  raault.  (Dcsprctz.) 

a.  Quantity  of  eaU  dissolved  in  1000  parts  of  water, 

6.  Maiimura  of  cooling,  lieforo  solidification,  of  a  saline  solution  eon- 
tuned  in  a  copper  vessel  surrounded  with  a  freezing  misturo  and  stirred, 

c.  Melting  point,  or  temperatnre  at  the  comuieDcemeal  of  solidifi' 
oaAion. 


Dry  Carbonate  fl 

f  ScxU. 

Dr;  CartKinale 
of  Sod*. 

Common 

Salt. 

Chloride  of 
Sodkun. 

«. 

b. 

e. 

h.           c. 

b. 

c. 

b.            e. 

6173 

l-J9» 

019° 

l-2r       0-24° 

042° 

0-36° 

1-J8°        tt'2S° 

12-346 

2-29 

0-37 

1-53         016 

120 

0?l 

0-53 

Si-6W 

241 

0-76 

li4         095 

2-25 

Ml 

1-12         lO.! 

37-(W9 

»-?3 

MC 

Z77 

2-12 

3  92         1'61 

7io;8 

2'26 

t-ae 

5-SS 

4-31 

5-59         3-56 

us  UG 

&-05 

1-82 

9'83 

9-20 

3-99        8-91 

When  more  than  24*C93  parts  of  carbonate  of  soda  are  dLs^olvod  in 
1000  parta  of  water,  the  solution  when  a^^itated  deposits  crystals  of  the 
salt  instead  of  ice.  It  is  remarkable  that  the  et&oreaceut,  kss  solnble 
carbonate  of  soda  lowers  the  freezing  point  of  water  tnore  than  cart>ouate 
of  potash;  on  the  other  hand,  the  more  soluble  sulpbatfi  of  aoda  lowers  tt 
further  than  sulphate  of  potash.  (Defpretz.) 

When  ice  at  0°  is  mixed  with  an  e<)ual  quantity  of  water  at  75^,  all 
the  ice  nielta  and  the  water  produced  hjLs  the  temperature  of  0°.  Con- 
Beqnently,  7.i  degreeJi  of  Lent  (==  13;*"  Fah.)  are  abeiorbed  from  the  water 
and  enter  iuto  a  sUiU*  of  chemical  combination,  in  order  to  convert  aa 
e<^ual  quantity  of  ice  at  0"*  into  water  at  0"'.  If  water  at  0°  ba  mixed 
with  ice  l>elow  0°,  the  water  froexes, — aud  the  temperature  of  the  ioe,  when 
the  right  proportions  havo  been  observed,  rises  in  0",  lib,  of  ice  at 
—  Tj'  mixed  with  lib.  of  water  at  0"  wonhl  give  2Ib.  of  ice  at  0".  In 
this  case,  latent  heat  is  set  free  and  raises  the  terofwratare  of  tJie  ice. 

Whilst,  according  to  this  result,  the  latent  heat  of  water  appoars  to  b«  ] 
73%  that  of  tin  is  only  IS'SU",  and  of  lead  o-358\  (Rndberg,  Pogff.  19, 1 
l2o;  (omj.',  G.  A.  Ernian,  A.  &  F.  6  wan  berg,  Deapretz,  Pe^.  aO,*S8S; 
2G,  2^1;  52,  JT7).     According  to  the  last  mentioned  obaerv«rs,  latent 
heat,  like  specific  he.it,  appears  to  vary  nearly  in  the  inverse  ratio  of  ttm 
atomic  weights  of  the  bodies, 

IT  De  la  Pcovostaye  &  Qesaius  make  the  latent  heat  of  water 
=  7f»2o  C;  Regnault  found  it  to  be  7y-24  by  one  experiment,  aud 
7d-06  by  another.     The  mean  of  thuse  rosulta  is  i&-i"  ~  I42(>^  (Fab.) 
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(^^8'  70,  300;  K  Ann.  Chm.  P/ipt.  21,  295;  abstr.  Ann, 
trm,  74,  179)  haa  deteriniuetl  tbe  latent  boat  of  fnsiou  of  13 
(wlwtiuiocs,  ajij  likewise  their  specific  heat  in  tbe  liij^uid  Btate.  The  fol- 
lotriig  are  the  reaults : 

Latent  Beat. 


SabBtaucca. 


Tin 

BiUnath  .,.,,,,.,,.,.,. , 

Lfsid   ...... 

Zmc. , , .,.,,. 

D'Areei',  dloj,  Pb«  Sn«  Hi' 

Pomblt  metal,  Pb  So*  Bi    

Pitcigptionii  ip.^.«ti.4t4»«if«-i.«iii 

Sslpliw  

Kitnic  of  soda    ..,.,,. ., 

Jfltnte  of  potuK,  1  .,.-..•.....>•..,. 

R»*plMite  of  ioda,  P  O',  2Na  0, 2JH  O 
CUunile  of  calcium,  C'«  CI,  6H  O. . . . . . 

B«»-wut  (jellow)  , ,...,,.... 


Melting  jioint. 


Lettimt  Heat  for  the 
unit  of  freight. 


14'3' 

12-4 
515 

27'4S 
5-96 
7'63 
5034 

62  UB 

47-371 

54'6S 

4579 

43'5I 


Specific  Heat. 


Substances. 


Teniper«tur«  between  which  tlie 
«^ectlk  heat  woa  dL-temiiiitd. 


Tin 

GimuJi > i 

ImI  ' , -••  -••■ .. 

D'Anet'i  aOtiy,  ?b«  Sn*  Bi» 

ffl  Pi  ■♦»*.«!■ 

n  'J  

ft  "  ........ 

iUblci  metal,  Fb  Sn^  Bl    ., 

Flwcpbonis ...  — 

Sal|tbar    • 

XHimle  ffftoda .... 

Krtnite  of  fk>t»*h 

Pbotphate of  KMia,  2Nii  O,  P  0»  +  2*H O 

••  •• 

Cbionde  of  caloilLM,  Ca  CI,  6H  O    .. 


IWamras  (jfdlow) 


Top 


and 


S|iecilic 
Heat. 


0061 

0*035 

0-039 

0-03G 

0047 

0-OQO 

0049 

0-(Mfi 

02045 

0-231 

0-4 1. t 

0'.'V.118S 

0  ?jft 

OMJt 

0-519 

0'6'28 

0-358 

U-G47 

0-406 

0'S4 

o;2 

0-79 
O-ftt 
0-39 
0-504 


The  ktent  beat  I  of  these  bwlies  may  bo  exprcsBed  by  tlie  fgraulft 
(160  +  0  i—l 
ldeoote«  tlie  melting  pobt  in  ccntigrado  degree^  J=C  — Ctbe 
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(lifTcrcnce  of  specific  beat  in  the  sulij  (  =  e)  and  the  Tiquid  slate  (  =  Cj 
For  example,  wa  hare 


SabttancM. 


Hrlltng 
point. 


Specific  Heat  in  IJu; 
toHd  (Ut«.       liqatd  state. 


Latent  Hi^t. 

obtcrred.       Ctlctilstal. 


Water 

PJiosjihorut  ...*., 

SalpUur , . 

Nitrate  of  soda  . . , 
,,        potaslj.. 


0504 
0'I7S8 
0 '20295 
0-27821 
0-23875 


10000 

0-204J 
0-234 
0+13 
0-33186 


79-25 

&-o:w 

9-368 
62-9?S 


?9-20 
5-2<3 
9-350 

63 -4 

46-46S 


The  aboro  equation  sliova  tliat — To  obiain  the  latent  heat  dj  a  iodg, 
the  diferenee  of  its  two  iqitcip:  IteaCt  miut  bf  repeated  at  man^  timet  at 
there  are  deffreet  hfiwiai  — 160^  and  iti  nuUinp  point. 

Prom  tliia  it  is  jirobable  that  —  160'C.  or  — 25GT.  is  the  absolute 
lei-o  of  heat;  since  otherwise  we  shall  Itc  ohligeJ  to  admit  that,  at  teni- 
pci-aturea  below  — 160'',  the  difTerenc*  between  the  specific  heats  in  the 
Bolii]  and  li<jui<]  states  must  for  all  boilica  he  equal  to  uothrng. 

The  prt^cedmg  fonnula  is  not  applicable  to  the  metals,  inaemuch  as  for 
these  hollies  the  value  of  i  is  nhnost  nothtug.  Person  is  however  of 
opinion  that  if  the  metals  coiihl  be  retaineJ  in  the  liquid  state  below 
their  ordinary  ntelting  points,  tlieir  specific  beat  ( =  C )  in  thia  state 
■would  he  found  to  be  much  greater  than  it  ie  at  teniperatares  aborc  the 
melting-  point,  aod  consctjuently  ^^  C  —  c  tvould  have  a  more  consider' 
able  value. 

According  to  Person,  the  latent  heat  of  fluidity  is  not  a  constatit^l 
quantity,  but,  like  the  latent  heat  of  vaporimtion,  tmrieiUf  witJi  the  tent* 
peratiire.  Thus,  1  kilogramme  of  ice  at  —  20'  C.  requires  10  uniu  of 
heat  to  bring  it  to  0'  and  79'2  units  to  melt  it;  in  all  therefore  89'2  unite. 
Now  if  water  at  0  be  cooled  to  -~  20°,  it  loses  20  unit^  of  heat, — siuo^ 
according  to  Perton'e  experiments,  the  apecifio  heat  of  water  does  not 
alter  sensibly  at  temperatures  below  0  .  Consequently,  when  it  freeies,  itj 
can  only  gi^c  up  89*2  —  20  =  (j9-2  units  of  heat.  IT.  I 

Most  bodies  contract  in  passing  from  the  liquid  to  the  solid  state; 
the  following  only  are  known  to  expand  in  UHdcrpoing  this  change:  water, 
bifwintb,  and  ca.st-jron,acoording  toRcanmur;  copper,  accordinj?  to  Kar^ten; 
silver  according  to  Persos  {Ckim.  maitaiL  240);  certain  alloys  of  bismuth, 
and  likewise  oxide  of  lead,  according  to  Manx.  The  expansion  of  anti- 
mony, observed  by  Reaumur,  is  not  confirtiied  hy  the  experimenU  of 
Mam.  Water,  according  to  Lcroyer  &  Diitnas,  oipands  in  freezing  by 
tV  of  it-8  volume  5  bisuioth.  according  to  Manx,  at  least  -,',.  Solid  pieou 
of  these  substances  float  on  the  moited  portion.  The  outer  portion  of 
these  Hqnidg  being  generally  the  first  to  solidify,  the  enclosed  portion  fl 
which  stiEl  remains  liquid  splits  the  solid  crust  or  the  vessel  in  cooling,  H 
and  forma  an  opening  by  which  a  portion  flows  out.  Melted  bismuto  ^ 
drawn  up  into  a  gln.«  tube  bursts  it  in  «jolidifyiog.  (Marx,  Schi\  58,  454  j 
J,  pr.  Chan,  22,  13,5.)  This  expansion  seems  to  he  connected  witli  the 
fact  that  such  bodies,  water,  e. ;/.,  attain  their  greatest  density  several 
degrees  above  their  freezing  points,  and  when  cooled  below  the  particular 
temperature  which  gives  the  maximum  density,  expand  more  and  more 
as  they  approach  the  freezing  point,  (p.  22~>.) 

Metallio  alloys  often  exhibit  two  solidifying  poiat8>  that  is  to  say,— 
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•iiH  tilt  melted  mass  ia  coolinjL',  the  temperature  rematna  constant  for 
wnetime  at  two  different  pointi.  This  takes  place  when  the  metals  are 
not  com  Liu e<l  hi  tlic  atoichiomL'tricfil  proportion  in  wliich  tliey  unite  into 
•  wtid  compound;  in  bucU  a  case  tbe  metal  whicli  is  in  eicesa  soIiJifies 
lM,uid  the  more  intimate  compound  tit  a  lower  temperature.  iPoaq, 
\9,%m  - 

On  t|j©  compreasiljility  of  liquids — wbioh  ie  of  very  small  amount,  and 
•t  hut  in  tlie  case  of  water  follows  Mariotte'a  hiw — nid.  Oersted  {Hdno. 
H,5);  CoUadoii  &  Stnrm.  {Amu  Ohm.  Fhtfs.  35,  113j  also  Poga,  12, 
39,uid]61.) 

2.  Vaporization, 

All  ponderalite  i$ubataiicf>g  hare  an  aSinity  for  heat,  tn  consoqueuce  of 
wliifli  they  endeavour  to  combine  witli  it  and  form  Elastic  Fluids  or 
ffaw.  Every  gas  ooneiatB,  therefore,  of  heat  and  a  ponderable  aubtjtancej 
tit  PanJerttblt  Batit  or  Matenal. 

Tliis  aliinity  differs  greatly  in  amount     Substances  which  have  great 

icy  to  aasame  the  gaseous  form  arc  called  V^olatih;  those  in  which 

tendency  is  small  arc  culled  Fixed;  Cotfora  volatUia  and  jlj^a.     On 

tl»»lioIe,  the  volatility  of  hodiea  follows  the  same  order  aa  their  fusi- 

wlify ;  nevertheless,  water  is  more  volatile  than  mercury  or  oil  of  vitriol. 

—Tlte  more  intimate  the  union  between  the  ponderable  body  and  heat, 

tl* greater  ia  the  difficulty  of  depriving  the  body  of  its  gaseous  form  by 

(xternal  pressure  and  coofinje, — the  more  permanent,  therefore,  ia  the  gaa. 

A|nuljinl  transition  nevertheless  ex.ists  from  those  gases  which  are  «ither 

Wt  condensable  at  all,  like  oxygen,  or  only  by  very  strong  pressure  and 

woling,  like  carbonic  acid, — to  thoae  which,  like  the  vapour  of  iron,  exist 

'nly  at  the  highest  known  temperatures,    Gases  may  therefore  be  divided 

mte  Pfrtfutnent  Gas^s,  which  retain  their  gaaeone  form  under  the  ordinary 

atmospheric  pressure  and  at  0°,  and  Vffpours  which,  under  these  circum- 

roturn  to  the  liquid  or  tbe  solid  state. 

Heat  ia  contained  in  gases  in  larger  quantity  than  in  Hqnidsj  it  pre- 

fwninatee  in  thorn,  overeoraea  the  cohesion  of  their  ponderable  matter, 

inii  imparta  to  them,  on  the  contrary,  a  tendency  to  expand  without  limit 

»lien  not  prevented  by  external  obstacles.     This  expansive  tendency  of 

gUes  is  their  ElmticUy  or  2^ennov.      In  the  same  giw,  and  at  tbe  earn© 

tajipcrature,  the  tension  varies,  according  to  Mariotte's  law,  in  the  direct 

niLio  of  the  density. — It  in  only  when  gases  are  brought  by  prea«ure  and 

ODoIiog  near  the  point  at  which  they  assume  tbe  liquid  form,  that  the 

dencity  increases  somewhat  more  rapidly  than  tbe  elasticity- — This  |>ecu- 

liftrity  Xb  exhibited  not  only  by  vapours,  but  also  by  those  more  perma^ 

wtaA  gases  which  may  be  liqnelied  by  strong  pressure,  e.  g.,  sulphuretted 

igen,  ammonia,  cyanogen,  nnd  (according  to  Oersted)  eulphurousacid 

If  equal  measures  of  air  and  ammoniacal  gas  are  exposed  to  the 

proesure,  the  latter  is  condensed  in  a  higher  degree,  as  if  it  were 

"  to  a  stronger  prcesure,  and  this  difference  increases  coneidewibly 

It  the  preaaure  becomes  greater : 

Air I-819Met....     2&S2U«t....     3-863  Met. 

AromDniBCftl  gu . .  . .      I'SSO     „  2-663  4132     „ 

condensation  of  air  corresponding  to  a  pressure  of  3'8C3  met.  of  the 

..   iirial  column,  produces,  therefore,  the  same  condOTsation  of  aramo- 

1  n»c«l  gas  a»  if  the  pressure  were  that  of  a  column  of  4-132  met.  (Despreti, 

\A»n.  Vhim.  Pki/i,  34,  335,  and  443;  also  Pcffg.  »,  005;  also  Schw,  51, 
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108.)— Bt«ii  cMlnvie  wnd  cu,  wbidi  W  not  M  OMiiy  liqiuficd  m  I 
gWM  jniA  moUioMii,  bac  m  iwaiity  MMMwIial  ta9  fmi.  oven  under  tli« 
•nllmrjr  preaaow;  it  «Iom  not  exscUy  follow  Miiriott«'s  litw,  till  dm 
ptwoiu»  it  rtdiMMi  l«  ton  thaii  ^  of  an  aXmoKfhen.  {Wndv,  Ann,  Phartn. 
««,  ^V^)* 

M\  "'3  EubeUuiees,  when  io  the  gas^ons  form,  are  reduccii  U>| 

tbvirui  0  of  rxpanskia  and  farityi  nod  |i«9  througb  openings] 

wMcbare  toifienrioas  to  liquida  nnd  solida.     All  gas^  are  transparant; 
meal  «f  tham  oo1(irnr}fla& — Tbe  gas«a  of  c)il(irin«»  oxida  of  phlorine,  edih  ' 
ttittiD,  «nd  siilptiur,  ar6  yeUow,"M>f  bromioQ  and  lijrpc>iutrio  uoid  red,— ^f 
iodine  riolet, — aod  of  indigo  teddieh  purple. 


A.  CondUiom  of  Vaporittdion. 

a,  A  certain  tpaa  nmt  be  aJhteedt 

Etciij  poodnablo  aabstance  takes  np  a  groator  moe  in  the  gaaeons 
Ihas  in  tbe  liquid  or  solid  state.  If,  therefore,  a  wlid  or  llijuid  Wly  be 
cliMety  oouHued  bj  ao  unyielding  env«lr>}>e,  kiu  furmatioa  of  gas  cau  take 
place  at  aaj  temperature,  oniess  the  ^nvelojie  be  buT«t  open.  If,  on  the 
eoBtnuy,  the  hoij  be  situated  in  a  racunni,  a  portion  wf  it — eorre^jtoudin^ 
lo  thi)  magnitude  of  the  emptj  space,  the  tem|>etalarei  and  the  natnt«  of 
the  substauoQ  itself — wUl  be  converted  into  gas. 

When  a  certain  (quantity  of  gaa  has  been  generated  in  an  empty  apace, 
the  expanaive  tendency  uf  the  gas  alraady  produced  hinders  the  farther 
raporiiation  of  the  remaining  substance :  for  thij  would  produce  c»mprea> 
•ion  of  the  gas  prevlonsly  fonneiL  Et^uUibrinm  is  therefore  estafauiiheii 
between  the  elasticity  of  the  geaeialed  ^  and  tbo  tendency  of  the  rc- 
maiDiDg  matter  to  combine  with  heat  and  form  more  gaa, — and  thus  tlie 
further  prod  action  of  gaa  is  prevented.  Tbe  empty  spaoe  ie  now  mUuratedf 
as  it  were,  with  fr^  at  the  given  temperature,  or  a  saturated  gat  has  been 
proiinced.  Bat  if  the  iempiraiiire  be  raised,  the  atHnity  of  the  heat  fur 
the  remaining  matter  will  orerc^ome  the  elasticity  of  the  gas  previously 
generated,  and  a  further  production  of  gas  will  take  place:  a  larger  quan- 
tity of  gas  ia  thus  accanialated  in  the  Ennie space, — in  conset^nenee of  which 
the  elasticity  incroELse^j  and  gtadnaily  attains  eucb  a  dugree  of  force  that 
equilibrium  is  again  established,  and  the  further  accumulation  of  gwt  ia 
atupjied.  The  higher  therefore  the  tenipemturo,  tbe  greater  is  the  quan- 
tity of  matter  vaporised  in  vacuo,  and  the  greater  are  the  density  and 
elasticity  of  tbe  gas  or  vapour  produced. 

The  gas  contained  in  any  space  ia  untatwraUd,  when  an  atidilional 
qnautity  of  tho  enmc  vaporiiabto  substance  introduced  into  it  ie  likewise 
eonvorted  into  gJiA,  Thin  carbonic  acid  gas,  at  ordinary  prejjsurea  and 
tomperaturoa,  is  an  unsaturated  gas ;  for  liquid  carbonic  iwid  introduced 
into  a  space  Slled  with  it  vaporizes  in  largo  qnsntity, — nud  it  is  uot  till 
tho  raporizatioo  is  ended,  and  a  portion  of  i^rbouic  acid  «till  r«m«ias 
liquid,  tiiat  the  gas  can  be  reganlod  as  saturated.  The  sQuie  is  true  of  all 
gaaos  which  arc  permanent  at  ordinary  pressarea  and  teniiioratures. 

Alcohol,  ether,  or  rock-oil  encloacd  in  a  tulw  of  stiyng  glass  or  iron  \a 
completely  converted  into  vapour  on  tho  application  of  heat,  only  when 
the  apace  not  occupied  by  tbo  liquid  is  fiomowhat  greater  than  the  volume 
of  the  liuuid  itself.  With  rock-oil  the  cin])ty  spiice  may  be  3oiiiowh»l 
■mailer  than  with  uIcoIkiI,  auJ  with  ether  still  lese.     Alcohol  whun  dius 

•  8«  alio  RfgtmuJt.     {Poijf/.  71,  £31.) 
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iKqnifet  iRCreasetl  inubtlitT;  expaaJs  to  twice  lU  original  voluine, 

tiathen  sndUenly  converted  into  vapour;- — ^tLis  change  takes  placo  at 

wiT-  (40i'6'  Pah.),  wheu  ihe  alcolml  occupies  just  half  the  Tolumo  of 

tWtnbe.     If  the  tube  is  more  than  half  &\\^l  with  olcoho), it  burets  when 

rWiti    A  glaM  tnbo  one-lbird  filled  with  water  becomes  opaque  when 

1  ■U<«i,BBd  butBts  after  a  few  seconds.     If  this  chemical  action  of  the  water 

l(bc  glass  be  diminished  by  the  addition  of  a  little  carbouate  of  soda,  the 

icy  of  the  gloss  will  be  much  lese  ijnpaireii;  and  if  tUft  spaoo 

by  the  water  be  \  of  the  whole  tube,  the  liquid  will  be  cuiiverted 

^K)ttr  at  abotit  the  temperature  of  melting  einc-  (Cagniard  do  la 

*}— If  liquid  carbonic  acid  scaled  in  a  glass  tube  ooCdpiee  1|4  of  tba 

ue  «f  the  tube  at  0",  it  neither  increases  nor  diminishes  in  bulk  wbcii 

becaase  the  increase  of  volume  produced  by  heating  ia  just  com- 

by  the  diminution  caused  by  yaporization.     If  it  occupies  \  of 

fce  Jpaoe  at  0',  ita  yolumo  diminishes  when  it  k  heated,  and  increaaes 

Wien  it  is  eoolcdj  lieeansie  the  losa  by  evaporation  preponderates  over  the 

tqwuion.     If  it  takes  up  4  of  the  »pnce,  its  Tolume  increasea  by  bent  and 

pfcalJictt  by  cold,  as  in  B  thermomtiter;  but  at  +  30''  (SS^  Fab.)  the  wholo 

lieemTertoa  into  Tapour.     The  gas,  which  at  0^  occapies  the  space  aboTe 

tts  liquid  carbonic  acid  wouldj  if  condensed,  yield  ^j  of  its  volume  of 

wid  acid;  and  that  whtcb  is  produced  at  +  30°  would  gifo  ^  (I J  Qm.) 

lit!  rolume  of  liquid  carbonic  acid  at  0".  (Thilotitr.) 

Wben  a  Tolatite  substanco  la  heated,  the  tension  of  the  pvfl  increases 

I  much  higher  ratio  than  its  density,  beeauee  the  heat  not  only  in- 

ihe  elasticity  by  producing  more  gas,  but  likewise  by  it«  expand' 

itattt  imparts  a  higher  degree  of  elasticity  to  the  gas  already  formed. 

jltte  cuQof  wat«r  the  following  table  has  been  calculated  by  Desprets, 


« 
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ElMtidty. 
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50 
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41-49 

IM 

0TC9 

nO'54 

ISO 

l'^^9 

19986 

liO 

Z-35d 

3D8'9S 
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Difference 

the  EJflJitidty, 

1-0 

0 

4'6 

0-2 

U'« 

»'% 

w-tf 

U-i 

m-n 

41 '46 

289'8 

8904 

471-2 

16222 

7U'2 

270-88 

,'-"  The  higher  the  temperature  tho  greater  is  the  differancei  hene©  tho 
^tfintiigc  of  high-prensure  etcam-engines,      (Despretz.) 

Lartly,  when  the  Tolume  of  tlio  empty  space  and  the  temperature  nro 

^■•"     ■'     ijimnttty  of  gas  produced  varies  with  tUe  naturf  0/ ffie  body : 

liT  to  the  afBnity  lietween  the  ponderable  matter  and  heat:  for 

jkcr  this  affinit%',  the  smaller  will  bo  the  qafintity  of  gas  which  by 

^106  will  be  abfu  to  stop  the  further  production  of  gaa;  and  the 

1-  the  iiffiulty,  the  denser  and  more  elastio  mast  bo  the  ga«  produced 

rlio  pri>pc6s  of  evaporation  ceases; — 2.  According  to  tho  atomio 

•  .l;t  of  the  i»nhsiutice:  for  tho  atomic  weight  ia  closely  connected  with 
iLr  -j^cilic  grvTity  of  the  gas  (pp,  52  and  64), 

The  most  volatile  among  terrestrial  subatanMs,  bo  far  afl  they  bare  not 

lK»n  pn-vcntcd  by  combination  with  others,  have  especially  aesnmed  tho 

■  lu-  au.l  the  aeriform  mixture  thus  produced  constitntcs  tho 

or  Cvnimun  Air  surrounding  the  earth-      The  weight  with 

•  'utii  tkid  mnea  of  ail  prcaueti  on  the  eartfs  Burfac*  yttt'ita  with  atmo- 


h  At  ^gkt  J  tka  liwBiy,    At  the  tevd  c^ 

i»  iW  fMMiB*  vUeh  vmU  be  f««dwml  br     :a 

;rf«P>MMMAMO^IiDe.wre'>^"^  ^^::::7- 

«fc>  piiwn  wtwifiowiiiiig  to  t:  it 

i  1*1^1  fir  f.  If  a  ^Ua  toki^ 
I.  be  eu^bUjr  fllwi  wieti 
Am  lifMi,  A*  fnann  af  the  wr  aeu  in  iacb  s 
f  wiilBK  liw  tdba  fliaads  dbant  IhTS  net  above 
.  TW  urn  >jbnTt  Ibf  lan rriil  rolnmn  ii  nllr  rl_ 
I.  TW  fii— II  «r  tlw  ■itiMfbiiii  awNOkti 
I  aA  «f  ladn^  ar  1033  gtaBBOB  ■■  ■  a^a 

k»  anfrw  itf  tbe  «vtk  it  ptMeil,  as  it  wen,  a  i 
ii«B,  wbaek  jfnm  k  is  aO  avetioaa  witb  a  ' 
«f  >    ll         rf  MCTiy  0-7<  ■bL  hj^     Ifl 
W^  ii  CadbMl  ia  a  M^bfe  ba^  ar  abat  atf*  b^  ■cigai/  «t  ta  aaji 
^BMBBr  fran  Ike  OHMfiatc  eaalacC  af  t^  air,  cts  ooATennaa  iaia  i 
vfl  aai  lab  fhw  ^daai  tba  tlarticitj  af  ite  tafan-  ai  tbe  gim  i 
■•aaa  ba  a*  last  a^aal  to  tba  ataHaabasic  laiJuaiL,  or  ^^ieni 
■art  a  iilaiii  af —wij  »-7^  totC  Mgb.    Smkc^  Voverar,  tliis  < 
nuiaiia  wiA  tke  tifmtare,  tben  exMta  <«  oaoh  bedj  a 
yaaCam  aA  wbkb  tba  riartirity  af  its  vapoiar  ia  a  baJaaae  fat  tbe  i 
af  tbe  arwii^t  aw,  wkL  naHi  aatatly  ca^ot  be  imttaiaeJ  by  t^t  i 
ia  tba  Bmhmg  Foia^  of  tlie  body.     At  tfak 
»  v^eai;  m  ipite  af  tfe  atMeapheiiB  praaw^  aa  aoooi 
1  beat  layiitil  to  TwhtiKae  U  iaaafpfied, 
ir  a  labitoaei^  tbn  teaaiaa  of  wh)ae  m^aar  at  tbe  |:iT«a  tetapcntu 
if  lito  Amb  ike  atneifkene  ftarait,  be  inliwiBreii  ia  exeesH  into 

ia  to  aay — iato  a  sjaca  ia  vbicb  the  |i>refl8Ui«  i 
sd  by  a  UHiuspttailiag  colamu  of  merrurr,  tlia 
CBt  Ae  aaifAy  apaee  witb  ▼apoar  kartu^  an  elasticity  cor-l 
_  to  tbe  teaipetatare.    By  tbis  iWe  oolaaixi  of  mMrcnrj'  lu  tlii 
baraaetarkabe  ia  iknaMaaii  tbroo^  a  be^t  corraiponding  to  tb?  el 
Unty:  tat  tbe  taaaiaB  of  tbe  npoar  aav  aopplie*  the  place  of  part  of ; 
<''>l—  ^  ttmrmry.    In  tbis  laaaiMr  t^  ^a^citr  of  a  Tapoar,  when  les^ 
Ibaa  the  atiitoi|ib«M  p»w>"«>  "a»y  to  estimated  in  lines  or  niiJiimeti«e  of 
tba  mereanal  colaso. 

If  beat  be  now  applied  to  the  anvaporixed  portion  of  the  body  eituated 
in  tbe  Tacmun,  tbe  density  and  elasticity  of  the  vatkoor  increase;  thft^ 
npoor  dejweaeea  tbe  roerenty  more  and  more,  the  fciglior  tbe  t«inporAtiu^| 
ia  nlaed,  and  tbe  more  elastic  the  vapour  in  consequence  hecaiiie«  ;  till  at™ 
Icagtb  tbe  mentiuy  within  the  barometer-tabe  stands  at  the  aaine  level  aa 
that  withoat.     Thia  temperature  again  is  the  boiling  point :  for  the  ten- 
sion cif  the  vapour  is  now  of  iUelf  a  baJiuice  for  the  pressure  of  the  air. 

A«  the  atmospheric  pressnre  iaereases  or  diminishea,  the  hoiline  poini 
^-or  temperainre  at  which  the  body  a^ames  the  ga«eoaa  form — ns*ss 
fallsj  it  is  nsaal,  however,  to   rtatc  tbe  boiliag-point  aa  eozTGepondin, 
to  a  pre  as  tire  of  0-76  metre. 

In  the  following  data  of  the  elasticities  of  different  gaaes,  it  is  to  ba 
observed  that  the  gae  or  vapour  ia  sapposed  to  be  in  contact  with  anvapoi^ 
i«ed  matter;  and  therefore  that  a  isaturated  vapour  or  gaa  is  produ<^, 
Tlio  more  penn;kncnt  gases  are  cxjioseil  to  the  different  temperaturt's  itt] 


contaot  with  unvaporlzed  matter  in  a  eeaic' 
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APORIZATION.  j;ei 

■taJfhss  tnt>e  fiUed  witii  air  and  closed  with  a  drop  of  mtnuty  (ifmio- 
t^r)  ijQ'iBg  placed  in  the  same  tube  to  indicate  tlie  prcE«uie  by  the  vari- 
ous Jc^ees  of  rompreeeion  of  tlo  enclosed  air.  The  more  volatilp  eub- 
^MCfti  are  introduced  into  the  Tonicellian  vacuum,  where  they  deprees 
tt«iftCf(;uriaJ  column  in  proportion  to  the  claBtioity  of  their  vapoure. 

Tto  elasticity  of  the  more  permanent  gases  h  expressed  in  whole 
«niMi}>l)ere«.  in  thta  table,  D  V  denotes  Davy  &  Faraday  (Mil  Travt- 
•i  m3,  UO  and  189);  N,  Niemann  (£r.  Arckiv.  36,  175);  B,  Bunseo 
(%j;.  46,  95);  T,  Thiloner  {Ann.  CMm.  Fhy,.  60,  434};  M,  Mitchell 
m^Amtr,  J.  1840,  177,  also  Ann,  rharm.  37j  354). 
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According  to  Ocratadt  and  Swendsott,  the  teosioii  of  fialphuraoa  acid 
-f  21*25   aniounta  to  3'2Cfl  atmoapberes. 

According  to  WacL  (JScAw.  50,  33),  the  tension  of  sulphurous  acid  at 
fi'75  =  32  and  at  lfl\5"  =  4-36  atmospheres. — The  boiling-point  of  eul- 
pLeroofl  acid  (at  a.  pressure  of  0  76  metre)  is  about  —  10°,  that  of  cysaagea 
—  2ii\  of  ammonia  —  33 '7°,  and  of  carbonic  acid  about  —  50",  Phos- 
ph'uettcd  liydrogeu,  hydriodtc  acid,  liydrobromic  acid,  and  hydrochlorio 
»cid  f;nae8  may,  accordiiijf  to  Buusen,  bo  liquefied  by  cooling  to  —  DO''. 

Tito  elasticity  of  vapours  is  cxprcssod  liometiuies  in  atmospheres, 
•MKtimM  in  metres,  Qometimea  in  inches  and  lines.  The  teneioo  of  the 
mpoor  of  water  at  low  temperatures  is  the  mean  tension  calculated  by 
KimtE  {Sehw.  42,  3S5)  fr'>ni  the  experiments  of  Bouppe,  Schmidt,  and 
Un;  that  of  tlie  same  vapour  at  high  tewijwralares  is  given  by  Ara^ 

niiloo^  (Ann.   Chim,  Phi/a.  43,  74 j  also  Pogg.  18,  437 J  also  iWtw. 

ltJ7);  that  of  vapour  of  mercury  by  Avoj^ro  {Ann.  Chim.  Phyf,  40, 
8tf);  tJiat  of  the  vapour  of  aulphurct  of  carbon  by  Marx  (,?cAip.  C2,  400), 
■od  thojw  of  the  vapours  of  alcohol,  ether,  rockoil,  and  oil  of  turpentine  by 
tin,  (Phil.  Tnint.  1818,  p.  338;  also  ikkw.  28,  328.)  Some  of  tho  fol- 
iMTtac  ttcricA  aro  merely  extracts.  Degrees  of  Reaumur  and  Fakretdieit 
"ViU  •»>  be  found  here  and  there. 

*  According  to  a  fonncr  ttatemeut,  5. 
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1                                  Vapour  of  Water, 
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AloohoL 

Ether. 

Il0i:k.0il. 

on  of  Turpentine, 

tJre. 

Ure. 

Ure, 

Ure. 

EngU  in, 

Cngl.  in, 

Ensl.  in. 

Engt.  in. 

160           22-6 

160            80- J 

375           64  0 

357            58-7 

170           2&-3 

UO           92-8 

360            60-8 

173           300 

180         108-3 

36a            62-4 

180           39-7 

190         124-8 

190           43-2 

200          142-8 

ZOO           £3  0 

210          1G60 

MO        eoi 

S10           650 

220           78-5 

1      230           94-\ 

^^0         11) -2 

^■bO         132-3 

^■tg       ia&-2 

ae  tension  of  tho  vapour  of  sulpburet  of  carbon  at  13"  C.  amounts  to 
ftietre  (Btrzeliiw  &  Marcet);  at  22-,'>"  to  0-3184  M.  (Clnzal);  at  46'6'' 
»'7fl  M,  (Gay-Lussac);  at  57-G»  to  1|,  at  160°  to  7-7,  and  at  371"  to 
lt'9S  atmospherca.  (Davy  &  Faraday.) — Oa  the  tension  of  the  vapoura 
of  water,  alcoholj  and  ether,  com/?.  Dalton  (Ann.  JPAU,  15,  130)  and 
Au^M,  {fogff.  13,  122.) 

[Cttlculatioii  of  the  tension  of  aqneoua  vapour  at  different  teiupe»at<i«fi 
WF,  Von  WreJe.  (Po^jf.  ."ia,  225.}J 

^  Magnus  (Po^ff,  61,  225)  and  RegnaaU  (JT.  Ann.  Chim.  Phyt.  U, 

Wl  13,  lOii)  have  also  deterniiiied  the  tension  of  the  vapour  of  water  at 
•iiftrent  teiuporatures.  The  reaultfl  obtaineil  liy  those  philo<iophers,  whoee 
Tixriments  wcro  made  indcpondently  of  eiu-h  otherj  present  the  most 
miurkithje  agreement,  as  will  bo  seen  from  th«  followipg  table. 


_.Tb>p. 

TenaioQ  in 

Uiliimetres. 

C. 

TenuoD  in 
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Temp. 

Tension  in  MUlitnctm. 

T«Bp. 

Tension  in  St  JtUmctrw. 

Mnpmi. 

Renault. 

C. 

Mkgnus. 
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^^H 

59 

141-8-29 

142015 

112 

1152-321 

^^H 

60 

148-579 

148-791 

113 

1191-444 

^^H 

Gl 

1 55-603 

155-839 

114 

1231 -660 

^^H 

62 

162-908 

163- 170 

115 

1272-986 

^^1 

63 

170'502 

170-91 

116 

1315462 

^^H 
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1       118 

1403915 
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1 

n 

These  meftauretnents,  as  far  at  least  05  temperatures  wtthin  fifteen 
sixteen  degrees  of  100"  C.  are  concerned,  hare  also  boeti  coufirmpij  inj 
remarkable  manner  by  deteroitnations  of  the  boiling-point  of  water  at 
f(;rent  faeigbt«  on  the  Pyrenees,  and  also  on  M-*-*  »i«—    f  Ku/.  Fc^y, 
pp.  360,  365,  368]  also  Ann.  CMp^.  /**- 
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The  progression  of  the  tension  is  not  affected  hy  the  freezin^point,  at 
ItMt  in  ike  c&ee  of  water  and  hyiirucyaiilc  a^id;  at  0"  ice  and  water  have 
the  game  teneion ;  it  is  not,  tlierefore,  affected  by  the  greater  cohesion  of 
i».  (Gay-Lussac,  Ann.  Chim.  Fh;/t.  70,  419.) 

Volta's  {Sc/iio.  52,  98)  and  Dattou's  law,  according  to  which  tbo 
ftpoQro  of  diSbront  subBtancea  have  the  Bame  teneion  at  an  equal  number 
iif  thermometric  degrees  above  or  below  their  boiling-points,  is  regarded  as 
iDwrrect  by  Schmidt,  JIayer,  Deflpretz,  Ure,  and  others,  according  to  the 
ntolta  of  their  own  experiments:  it  is  nevertheless  remarkable  that  this 
1»(T  is  pretty  nearly  true  in  the  case  of  many  substances.  From  the  boil- 
"jBg-point  of  snlpburoua  acid,  e.r/.  to  the  temperaturo  at  which  its  tension 
ins^ual  to  2  atniospbercs,  there  is,  according  to  the  preceding  table,  an 
interval  of  17"  C.j  in  the  case  of  water,  the  corresponding  interval  ia 
ibout  20°;  of  alcohol  18^  and  of  etlsor  20":  but  in  the  caBO  of  roek-oil 
wd  oil  of  turpentine,  which  are  liquids  of  less  simple  constitution,  it  Ib 
ilxjut  30*.  Davy  also  (Ann.  Chim.  Fkt/t.  20,  175)  puts  forward  a  view 
founded  on  his  experiments  with  eulphareb  of  carlion,  chloride  of  phoo- 
phorus,  and  alcohol,  favourable  to  Dalton's  law. — Dove's  (i'oji^.  23,  291) 
(ompuison  of  the  tensions  of  permanent  ga^es,  according  to  Faraday, 
■^th  that  of  vapour  of  water  according  to  Arago  and  Dulong,  likewise 
'9>eitks  in  favour  of  tbia  law. 
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Sulphurous  acid  is  also  nearly  in  accordance  with  the  law,  but  sulphu- 
retted hydrogen  ia  not;  respecting  this  last  gns,  however,  it  must  be  ob- 
served that  the  detenu inationa  of  its  tension  by  Davy  &  Faraday  and 
\y  Niemann  differ  considerably.  According  to  this  law,  the  boiling-point 
«  nilroua  oiide  should  be  —  158^,  of  carbooic  acid  —  146",  of  hydro- 
diloric  acid  —  130°,  and  of  ammonia  —  53°  (Dove)j  according  to  Bunseu, 
however,  the  boiling  point  of  ammonia  is  33'7". 

If  a  substance  B  lie  enclosed  in  a  space  already  filled  with  th^  vapour 
of  another  substance  A,  which  may  be  atmospheric  air  or  any  other  gas, — 
no  jiortion  of  A  being  present  in  tbo  non-gaaeous  form,  B  being  in  imme- 
diato  contact  with  A,  and  the  two  substances  not  being  capable,  under  the 
jfiven  circumstances,  of  entering  into  chemical  combinsition  with  one  ano- 
ther,—then,  whether  the  elasticity  of  the  gas  produced  by  B  bo  greater  or 
IwB  than  that  of  tlie  gas  A,  B  will  produce  exactly  the  sarno  quantity  of 
jpu  as  if  it  were  situated  in  a  vacuum  at  the  same  temperature^ — with 
lliM  diffor»5nce,  however,  that  in  the  tirst  case  the  conversion  of  B  into  gas 
tike«  pliwe  almost  as  quickly  as  if  it  were  in  vacuo;  in  the  second  very 
•lowly  and  only  on  the  surface,  whero  the  gaa  A  la  in  contact  With  the 


eabstuice  B.    The  effect  tnics  plaw  mow  or  leas  quickly  in  proportion  to 
iLe  mrity  f>r  density  of  tlio  gsw  A.  ( Volta,  Schtp,  52,  98,  Dalton.) 

Ice  evaporates '  in  tha  open  air  at  temjieratures  mo cli  below  0":  tli« 
chlorides  of  potassiuDi,  srKliiiiii  and  antiroony  Jo  not  evaporate  at  a  re4 
hetU  in  a  covered  crucible.;  but  when  the  cniciblo  is  opened,  and  a  cafrent 
of  air  thereby  produc«»i,  vaporiiatioa  iakea  place.  Zinc  volatilizes  in 
cnrbdinc  oxiuo  gaa  (^hcn  oxide  of  zitie  ia  ignited  in  contact  with  char- 
<3oal)  at  a  lower  tomper&tare  than  whdtl  h^t^d  alone.  Iodine,  wbow  | 
boiling  point  is  175°,  pajsaes  over  with  vapoar  of  wator  at  100°.  (Qvf- 
Iiiusac)  Similarly,  water  mixed  with  atcohol  cvajKirates  when  hoatwl, 
together  with  the  alcohol  va]>our.  When  the  aqueous  ealotions  of  dif' 
fcrent  salts  aro  evaporated,  part  of  the  Halt  is  likewise  given  oQ':  this 
may  however  be  explained  by  supposing  the  salt  to  bo  mechanically  oa^- 
lied  over:  at  all  cvente  Faraday  {J.  cf  Hot/.  Inst.  1,  70j  also  I^otfj.  Ill, 
545)  found  that  the  water  evaporated  at  ordinary  tenip«ratuTt?e  front 
eiUtne  solntious  is  free  from  salt.  Tha  cases  of  reciprocal  affiuiiy  fniin 
tbo  mutnal  adhesion  of  gases  lijcewito  belong  to  thiB  head.  (pp.  12 J,  136.) 
— ^The  nioro  rliffueiblo  the  gas,  the  moro  quickly  do  bodiea  evaporate  ia  it; 
the  etfeit  takes  place  more  quickly  theroforo  in  hydrogen  gas. 

It  may  be  supiKiscd  that  when  the  elasticity  of  the  gas  A  ia  gie«|Hr 
than  that  of  the  gfls  which  would  he  produced  from  B  at  the  giy«D  taofc- 
pcrature,  no  part  of  B  can  be  converted  into  gfis,  because  the  gaa  already 
present  must  by  its  elasticity  compress  the  substance  B  sufficiently  to 
prevent  the  ?aporiiation.  The  formation  of  gaa  la  likewise  prevented 
when  the  substance  B  is  separated  from  the  gas  A  by  a  moveable  sheet  ef 
matter,  a  bladder  for  example.  The  gM  A  must  always  bo  in  immediate 
contact  with  the  substance  B,  and  the  formation  of  gas  takes  place  uuly 
at  tho  ]>oints  of  contact.  This  phenomenon  is  explained  by  Berthollet 
{StaCiqtie  Chim.  1,  2S0)  on  the  hypothesis  of  a  chentiatl  Bohtfton  of  the 
gas  B  in  the  gas  A. — with  respect  to  wliich  it  luuet  bo  particularly 
observed  that  neither  the  density  nor  the  chemical  natnre,  hut  only  the 
Tolnme  of  the  gas  A  has  any  influence  on  the  (quantity  of  the  gs^  B 
prndnocd.  Dalton,  on  the  other  baud,  explains  it  by  supposing — cither 
that  one  gas  acts  as  a  vacuum  to  the  other,  or  that  tho  unequal  mag- 
nitudes of  the  plohulcB  of  the  two  gases  give  rise  to  an  internal  motion 
and  uniform  distribution  of  their  particles.  The  phenomenon  is  pcrhape 
best  explained  by  supposing  that  the  adketion  of  the  existing  gas 
A  for  the  gas  B,  which  is  to  be  produced,  is  in  all  cases  moro  powerful 
than  the  pressure  which  A,  whatever  may  be  its  density,  exerts  upon  the 
substance  B,  inasmuch  as  the  adhesion  increases  with  the  dcnsity.^^nd 
consequently,  that  tho  body  B  diffuses  itself  with  its  proper  ela«tidity 
through  any  other  g^  in  the  same  quantity  as  in  vacuo.  (Comjuin  pp. 
22,2.3.) 

When  a  gasB  is  generated  within  an  nnyiolding  euTelope  the  interior 
of  which  is  already  occupied  by  another  j^as  A,  boUi  gaeea  together  press 
agaiuct  the  sides,  each  with  its  own  proper  tensiou.  If  for  example  the 
tension  of  the  gas  A  =  x  and  that  of  the  gas  B  _=  y,  the  temiioti  or 
elasticity  of  the  gaseous  mixture  =  *  -f  y. 

If,  on  the  contrary,  the  sides  of  the  vessel  in  which  the  gaseous  mix- 
ture is  generated  yield  to  euch  an  extent  that  the  gas  remains  constantly 
under  the  pressure  x,  the  mixed  gases  first  expand  (since  according  to 
"    *■''-■'-     laaticitv  of  a  gas  variea  mversely   as  it"   rrdiiTneV 


gas 
the  ratio  at  x  :  x  +  y.     But  by  this  ci 
tb«  elasticity  of  the  gaseous  niixturo  is 
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it  is  reductid  to  x:  tlie  elasticity  of  the  gaa  A  tkerofore  bcoomeis  (x  +  y 
'  =  «  :  ^~^~)  =  ^~f^'  ^'^^  t^^*  "'  ''i®  gas  B  ^^x  +  y  :  X  =  j^  ;  ^^J  . 


With  thta  tbe  farlber  expansion  cGoses,  Buppoging  that  no 

If  however  this  lie  tha 


X  +  p 
portioQ  of  the  eubstance  B  reTiiaina  unvaporized. 
tmae,  then — aiDce  tho  space  has  become  larger — a  fretili  quantity  of  B  is 
MMtverted  into  g&s,  and  the  gas  B  regaiuB  the  elasticity  =;  j/:  and  eitico 
hy  this  action  the  elasticity  of  the  gas  and  therefore  altio  it^j  expnuision 
JACVWaeS)  the  formation  of  gas  and  the  expiiDsioa  of  the  ^^enus  inixturo 
m  on  till^as  Dalton  has  ehown^^tho  volnnie  of  the  gjujeous  miilurc  ia  to 
Uia  ori^ritial  volume  of  the  gas  A  as  :t!  :  x  — y.     For  ainco  iu  this  jratieaiu 

:ttue,  after  ita  complete  axpaiuion  under  the  pressure  x,  the  gas  B 
aa  elairtioity  =  y,  that  of  the  gaa  A  mast  be  only  j^  —  j^,  in  order 
th«  eliutieity  of  the  gaseoiui  miicturo  raay  exactly  balance  tho  external 
jiwiUJe  X. 

Examples  in  whioh  the  preceding  table  of  the  elostioity  of  gases  is 
made  uae  of: — If  at  a  teraperatnro  of  ^A"  C.  and  under  a  preasure  oorres- 
pondiDg  to  336  Par.  lines,  water  be  introduced  in  excess  into  a  veesel 
containing  one  measure  of  dry  atiuoeplterio  enelosed  by  mercury,  then— « 
■oppoting  that  the  mercury  stands  at  the  same  level  within  and  without  the 
VMh1|  artci  that  the  n.tmoepherit.i  pressure  remains  capfitant, — one  nicasiirfi 
*f  air  will,  by  taking  up  vapour  of  water  (ainco  the  tension  of  vapour 
of  water  at  25'  C,  or  20*  H.  is  eij^iial  to  I0'08  lines),  be  expanded  in  tho 
ratio  of  336  —  10-08  :  330  =  325()2  :  836-  When  alcohol  evaporatea 
in  dry  air  at  0°  C.  and  under  a  pressure  of  SO  English  inthes,  the  volume 
la  increased  in  the  ratio  of  30  —  O'i  :  30  ^  29'B  t  30;  and  in  the  0B£e  of 
ether  at  0°  C.  the  expansion  is  as  30  —  6'2  :  30  =  23-8  :  30. 

6.     Ti«  afinity  of  Beaifor  ike  Pmidemhh  SrtbUance  m%ui  he  «uj}#mr  ^ 
all  other  forces  acting  upon  the  tame. 

«.     To  the  Ookeiiaa  efths  Fonderaile  Subslanctt 

Since  a  body  introduced  into  a  space  devoid  of  air  fills  that  space  with 
»  quantity  of  gas  corresponding  to  the  temperature — ainco  this  quantity, 
though  it  decreases  with  the  temperature,  cannot  bo  reduced  to  nothing 
excepting  at  tho  obsolute  zero — sinco  all  substances,  at  leaat  at  high  tem- 
peratures, are  vi-^Jbly  converted  into  gas,  and  must  therefore  ntford  eome, 
although  perhaps  but  a  small  quantity  at  low  temperatures — finally, 
since  ttiis  formation  of  g.ia  tnkea  place  in  a  e[kaCQ  filled  with  air  in  the 
tame  quantity  as  in  vacuo,  only  with  less  rapidity, — it  may  ha  concluded 
that  of  every  substance  situated  on  the  surface  of  the  earthy  a  cortaiu, 
though  perhaps  extremely  small  portion  must  he  converted  into  gas. 
That  no  dimiutition  of  weight  can  however  he  observed  in  pieces  of  metal, 
&e,  even  after  many  years,  may  result  either  from  tbis  oircurndtunctj,  that 
at  a  certain  temperature  conaitlerably  below  the  boiling  point,  the  cohe- 
eioti  and  gravitation  of  the  ponderable  substance  may  overcome  its  atti- 
nity  for  heat — which  indeed  is  Faraday's  view  (Ann.  Fki/.  2H,  436;  also 
Poffff,  U,  !};  or  possibly  from  this, — that  when  once  the  several  hoilie.inn 
tbfi  earth's  surface  have  introduced  into  tho  atmoephore  certain  portions 
of  their  gases  or  vapours  corresponding  to  the  existing  teiii|Mjrature, 
thoee  gBMB  may  exert  a  pressure  on  the  lemaiuing  matter  anlhcient  to 


fireveDt  ita  further  Tapori£atiob—>tlie  flactuEitioiis  of  lemp^mtare  on  tbc  ^ 
surface  of  our  eartb  being  perhaps  too  email,  in  comparisoB  with  the 
wide  iuUrxal  bctwecu  tte  ordinary  tempera  lures  of  eolid  bodies  and 
tbc^ir  boiling  points,  to  cause  any  sensible  condensation  of  tbe«e  giMea 
when  tbe  alnioepbere  cools,  or  to  give  rise  to  fresb  fomiatioiis  of  the  same 
games  when  a  rise  of  temperature  takes  place, — unless  perhaps  many 
nictcorie  nhenoinena  may  be  due  to  settle  such  cause. 

Ice  evaporates  in  vacuo  at  temperatures  heiow  —40°,  enlpburic  ether 
at  — .'51',  at  which  tenjperature  it  is  solid  (Configliacchi),  sulphuret  of  car- 
bon at  — G2.  (Marcet.)  The  Torricellian  vacuum  is  in  reality  filled  with 
i-apour  of  mercury.  In  tbe  open  air  ice  evaporates  far  below  0°,  m^r- 
cury  at  +  l^'A",  hut  not  at  — fi'T"  (Faraday);  oil  of  vitriol  doee  not 
evaporate  at  ordinary  temperatures.  (Bellonii,  Poff^/.  9, 7.)^By  encloAing 
two  Bubftances  in  a  iask  ^Hed  with  air,  keeping  tbem  sep&i^te  ftom  oq« 
another,  the  one  in  the  solid  form,  the  other  in  the  state  of  aqueous  Eola- 
tion, and  exposing  the  flask  for  four  years  to  the  ordinary  temperature  of 
the  air.  the  following  reeults  are  obtained:  Crystalliiea  oialic  acid  and 
crystallised  oialate  of  ammonia  evaporate  over  in  eniaJl  quantities  towards 
aijttcinis  ealution  of  chloride  of  calcium;  aleo  protochloride  of  mercury 
towards  aqueous  solution  of  chloride  of  calcium;  also  protochloride  of  mer- 
cury towards  aqueous  Solution  of  potash,  and  nitrate  of  ammonia  tn  minute 
quantity  to  dilute  sulphuric  acid.  The  following  on  the  contrary  do  not 
TolatiliEe:  sal-ammoniac  or  common  salt  towards  dilute  sulphuric  add; 
ftrsenioua  add  or  calomel  to  caustic  potash;  aqueous  solution  of  iodide  of 
potawiom  to  chloride  of  lead;  common  salt  dissolred  in  water  to  crys- 
tallized nitrate  of  silver;  Bulphate  of  eoda  dj^olved  in  water  to  crys- 
talllied  hydrated  chloride  of  barium;  aqueous  solution  of  chloride  of 
talcium  to  carbonate  of  soda;  and  aqueous  solution  of  sulphate  of  copper 
or  persulphate  of  iron  to  hydrated  ferrocyanide  of  pota^inm.  In  most  of 
these  cases,  water  evaporates  over  to  tbc  solid  body  and  disaolvea  it;  but 
the  solution  doea  not  mix  with  that  of  the  salt  previously  dissolved  in 
water.    (Faraday,  J,  of  Hoy.  Imi.  1,  TO;  also  Po^g.  19,  545.) 

0,     To  the  AJinity  of  the  voltUile  Sitbgtance /(»■  any  otAir  leu  tokUiU  My 
with  tchich  it  may  Ic  combined. 

Substances  which  from  their  own  nature  have  a  strong  tendency  to 
assume  the  gafieoua  form,  so  that  when  separated  from  other  bodies,  they 
exist  for  the  inoet  part  only  in  the  state  of  gan, — often,  when  combined 
with  other  bodies,  cither  become  wholly  incapable  of  passing  into  the 
gaaeous  condition,  or  undergo  that  change  only  at  high  tempemtures, 
because  the  affinity  of  the  other  body  acta  in  opposition  to  that  of  heaL 

Oxygen  in  red  oxide  of  mercury,  peroxide  of  manganese,  and  otlidr 
metallic  oxides  requires  a  red  heat  to  convert  it  into  gas:  so  also  does 
carbonic  acid  when  combined  with  lime  and  other  oxides  of  metal*. 
Most  metallic  oxides  do  not  part  with  their  oxygen  even  at  the  higlMiBt 
temperatures,  but  are  partly  converted  into  vapour  before  teduction  and 
condense  again  to  the  state  of  solid  oxide  in  the  cold. 

Water,  which  when  pure,  hoits  nt  100''  exhibits  a  much  higher  holliug 
point  when  combined  with  salt$,  sulphuric  acid,  phosphoric  acid  and  other 
less  volatile  substances. 

The  following  table  gives  the  bolting  points  of  vnrionj  oqueons  aoln- 
tions  according  to  Faraday  {Ati».  C^im.  Pkys.  20,  324)  and  Griffiths  (Qti, 
J.  o/Sc  18, 90;  also  Foffff.  2.  227). — Colomu  A  contains  the  names  of  the 


i 


je  qiiaDtity  Itas  not  been  determined);   ' 
point  of  the  solution j  I)  the  name  of  the  observer  (F  =-  F;iraday,  G  ^ 
Criffilhs). 


A 

B 

C 

D 

A 

B 

C 

D 

Utaiibn-'c  ult     

31-5 

JM-CC. 
101-1 

G 
G 

Borajt 1  ,*.... . 

52-5 

lOQ-6 
105-6 

G 

CorrasiTe  (ubUenatis 

BlaulphAte  of  potufa . . 

G 

Cfsnide  of  mercury 

35 

1011 

a 

Sulphate  of  magnesia 

57-5 

105 -e 

6 

Ciyst.  Terdigra, . , . 
Cieun  of  tartar. .  . . 

IC'.") 

lUI'l 

n 

Coniiiipn  ■&!(»■  >■ 

30 

106-7 

Q 

96 
26-5 

101-1 
IQl'l 

u 

G 

aat. 
33 

109-0 

ioe-7 

p 

Mitrste  of  barjU    . . 

NUrftte  of  strontU 

.... 

G 

6u}|ttutte  of  potasli 

17'5 

101-7 

G 

KeUtfal     turtratu 

of 

68 

112'2 

6 

kctiiiK  of  \eAd  , ,  . . 

41-5 

1017 

G 

putash 

Mtlr»!e  of  lend  .... 

o2'3 

102'3 

G 

tt          t# 

II 

BBt, 

110-7 

P 

Ii4 

102-3 
102-3 

G 
G 

Mt. 

65 

112-2 

G 

Blue  ritriol     

Sulphntt?  of  nick-el 

<  ■  « « 

G 

Sulphate    of  copper 
and  potash 

40 

102 '8 

50 

113'3 

G 

G 

nat. 

114-4 

F 

fiora^ic  acid 

J- 

1033 

G 

Nitrate  of  potiuh 

» *  -  - 

74 

114-4 

G 

Chlorate  of  poLnsh, , 

40 

103-3 

G 

II                             11 

■  t  .  * 

sat. 

115-e 

P 

Kerrocjiin.  pataaiinm 

55 

103-3 

G 

Roclielle  salt .... 

«  .    4  1 

90 

115-6 

G 

Oialite  of  ammonia 

20 

103 '3 

G 

Nitrate  of  aoda  .. 

>•   .  . 

60 

llO'O 

G 

Cnrboaate  uif  •oda  , . 

X 

104-4 

G 

Ar«Ut«  of  so4a  .. 

..   .. 

60 

]24'4 

ft 

Cbloride  €>f  buioin 

45 

104-4 

G 

Carb.  potash   .... 

sat. 

140-0 

F 

Alum 

52 
45 

104-4 
104-4 

G 
G 

Potash 

Nitrat.  umwouia, . 

sat. 

aat: 

1 

157-8 

I82'2 

G 

Siil|itiAte  of  cine. . . . 

O 

Oxalate  of  jiotitsli  . . 

4ft 

104-4 

G 

Sthk 

■at. 

" 

215'5 

O 

fhocphate  of  scjdu , , 

f 

io5-e 

O 

BQiUng  point*  of  aqueotts  solutiom  AccoTiiing  to  Lcgrand  (Ann.  Chim. 
I'hyt,  59,  423;  also  J.  pj:  Chim.  6,  56.) — Tlio  following  table  givea  the 
tianiber  of  parts  of  each  salt  dissolved  in  100  p^rta  of  water:  iu  the  first 
wiIiimTi  on  the  loft  ib  jjiveii  the  boiling  jujiut  corresponding  to  this  proportioB. 
Kitrste  of  ammonia  was  employed  iu  the  crystallized  state,  and  corninon 
phosphate  of  soda  iti  as  dry  a  state  aa  posaible  (but  not  ignited);  the  other 
ealta  in  tlie  perfectly  anhydrous  coDditioti;  a  ia  chloride  of  culcium,  b  acetatfl 
of  polasb,  c  nitrate  of  ammonia,  d  nitrate  of  limOj  e  aimpte  carbonate  of 
potash,  /  acetate  of  soda,  g  nitrate  of  eoda,  A  chloride  of  strontium,  i 
nitrate  of  potash,  k  Bal-auimoniac,  I  neutral  tartrate  of  potash,  m  chlo- 
rate of  potaah,  n  coininoa  salt,  o  chloride  of  jwtassium,  p  ordinary  pbos- 
pfaato  of  soda,  q  simple  carbonate  of  soda,  r  chlorido  of  barium.  The 
number  under  a  horizontal  stroke  gives  the  boiling  point  of  the  saturate*! 
Solution.  This  table  has  a  practical  value:  for  by  means  of  it,  the  q^nan- 
tity  of  salt  id  any  solution  may  be  found  from  its  boiling  point. 


a 

* 

e 

d 

e 

/ 

9 

A 

10-0 

lo.a 

10-0 

15-0 

13-0 

9-9 

93 

16-7 

16-5 

200 

20-5 

25-3 

22-5 

17'6 

lB-7 

2&'2 

2I-() 

2«-6 

Sl-3 

34-4 

31-0 

24  1 

28-2 

32- 1 

2.'»-8 

36-4 

42-4 

42-6 

38-8 

30-5 

37'9 

3?'9 

20 '-I 

43-4 

53-3 

50-4 

4C-1 

36-7 

47-7 

43-4 

31i-6 

49-8 

05-4 

5-'8 

53- 1 

42-9 

67-6 

48-8 

95-6 

55-3 

77-3 

nt-a 

59-6 

49'3 

87-7 

54-0 

88-5 

61-6 

89-4 

718 

es-ti 

55-8 

77-9 

59-0 

41-3 

67-4 

101-9 

78-6 

71-9 

6St'4 

88'3 

C3-9 

12-2 
26-1 

42-2 

59  r, 

78-3 

9B-2 

1190 

140-fl 

1030 


Bating 

a 

t 

a 

If 

* 

/ 

f 

h 

1 

HO' 

■ii-a 

73-3 

ii4-g 

85.0 

77-6 

69-2 

98-8 

68-9 

185-9 

111 

46-H 

79'3 

128-4 

91-9 

83*0 

76-2 

109-5 

741 

a09  2 

113 

49-7 

sa-s 

142-4 

98 -4 

88-2 

83-4 

120-3 

79-6 

2330 

119 

62-8 

ai'4 

15&'9 

104-8 

93-2 

90-9 

131-3 

85-3 

257-6 

114 

5&'G 

y7-6 

172-0 

111-2 

980 

98-8 

142-4 

91-2 

283-3 

lis 

58 '6 
01  6 
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In  a  similar  manner,  the  boiling  point  of  alcobol  is  raised  by  mixing 

*tb  water,  and  ihat  of  ether  hy  mixing  it  wJtk  alctiLol.  (Oomp,  Mag- 

f'W-   3!*.  *87,) — 111  Iik$  manner,  pcrmnnent  gasoa  combined  wil" 

»*ter  nod  otbcr  liquids  require  au  elevation  temperature  or  diminution  i 

preavure  make  tlicni  escape.     In  this  aicti<m  an  anomaly  h  observed  pr 

wediog  from  ii  kind  of  sluggislinesa  (like  that  <l(!.'!cribetl  pp.  f) — 12),  vie,, 

lliat  the  gMee  dg  not  escape  at  once  in  the  quantities  which  migbt  be  ci- 

Wffted  under  the  given  ciroum stances,  but  that  tlieir  escape  ia  favoured 

oj  agitation  or  by  the  Immersion  of  solid  bodies,  particularly  of  emh  as 

lianc  sharp  angles,  f.  g.,  glass  rods,  wires,  metallic)  filings,  silver  leaf, 

•and,  8ngar-dttBt.     The  formation  of  gas-bnbblcs  appearB  always  to  pr 

ftwil  from  the  solid  bodies  and  from  the  sides  of  the   Teasel,  and  nov 

ftum  the  interior  of  the  liquid,  aa  if  the  contact  of  a  solid  body  were  essM 

tial  lo  the  formation  of  g'^.     Many  solid  bodies  may  however  act  by 

rtneana  of  air  adhering  to  them,  which  is  either  itself  al)sorbed  by  Iho 

Ujipid  and  drives  out  the  other  gas,  or  else  suppllea  the  first  bubbles,  which 

Wa  iocrefts*  in  volnine  by  attracting  the  other  gas.     {Com}Mr^  Oergtodt, 

S,  QiU.   I,  227;    Liebig,  Ann.  Pkarm.  30,  13;    Scboabeia,  Pugg.  40, 

m.)  ^ 

Evaporation,  J}ryinfff  t>t  Dmiceation,  and  in  many  cases  C(tlei»<ttioii^M 
SoaUinfffOr  Turrefvction  are  ojierationa  Ibe  object  of  which  is,  for  the  moflf^H 
JM,  the  wpamtiou  of  a  more  volatile  (in  the  ca»e  of  evaporation  and 
wying  it  is  a  lifjuid)  from  a  less  volatile  substance.     That  those  opora- 
tion*  proceeil  most  quickly  in  raoao  will  be  uuderetood  from  that  wbicli 
'iat«ly  follows. 

B.  Phenomina  mcompanying  Vaporization, 

rt.  T^mi  in  which  it  (dies  place. 

The  rapidity  of  vaporiaition  is  greater,  the  stronger  the  aflSiiity  of  ti 
ponderable  body  for  heat,  the  higher  the  temperature,  aud  the  less  tli 
'^^■ittaQco  wUcb  the  aarrounding  envelope  offers  to  the  expansion  of 

In  a  vaeaum  raporization  takes  plofie  almost  iaslantaneously,  whater«^ 
**iay  be  the  nature  of  the  substance:  water  boila  in  vacuo  at  20^;  in  so  tax 
«»«>wever  as  heat  is  necessary  to  the  production  of  vapour,  the  vaporization  of 
yy  hody  may  be  retarded  ad  iU  temperature  gets  lower.     In  a  spaco  filled 
Lair  or  any  other  gaa,  vaporiitation  cannot  take  place  instantaneously, 
m  the  substance  is  capable  of  producing  vapour  of  graat  ekstlcity  at 
^TOU  temperature,  and  tmiheient  heat  is  present  for  the  production  of 
upour.     Liquid  carbonic  acid  vaporiKes  almost  instantly  in  the  air, 
ilbin   about  ^  of  the  whole,  which  stdidifies   (so  that  according  to 
her,  1  gramme  of  this  liquid  produces  on  opening  the  vessel  an  ex- 
aa  violent  as  that  of  1  griunmo  of  gunpowder);  but  34()  grains  of 
I  «sarbunic  acid  exposed  to  the  air  at  +  25^   lose  only  3  or  4  grains 
ainut«,  and  do  not  wholly  disappear  in  less  than  SiJ  hours  (still  more 
ly  when  wrniijjed  up  iti  cotton.)   (Mitcholl.) — The  liquid  acid  already 
«d  contains  a  large  portion  of  the  beat  of  fluidity  required  for  its  con- 
**»ioti  Into  vapour,  aud  moreover  contains  a  larijer  qiiiintity  of  seuaibla 
"""^t,  inasmuch  as  it  takes  the  toTiipcrature  of  the  vessel*  in   which  it  l 
Jo«id, — the  aolid  acid  on  the  contrary  niiiet  t.-ikc  all  its  heat  from  tt 
*»Ttouu(ling  bodies.     All  explosions,  doiouatloiis,  aud  fuhitinationa  »ri 
,  a  mddeu  fonoatioa  of  ga^  brought  about  by  great  itllinity  for  he 


Heat. 

Mid  a  liigli  tempertttare,  tfae  resistance  at  the  suiroiindiiig  tOTdope  bcJiig! 
cQi)it)t«t«lj  oTerpowered,  Siiu»  nitrogen,  when  it  sepkratea  from  ita 
coinbiualioDS  and  asenmie  the  giweous  state,  produti^B  the  most  fea-rful  ex- 
nloaions,  even  when  do  great  rise  af  temperature  takes  place  (c.  ,9.,  in  the 
deeiontpoailjoti  of  chloriJe  of  nitrogen)  a  peculiarly  great  affinity  for  heat 
juu$t  be  ascribed  to  tt. 

If  OD  the  other  hand  the  tension  of  the  nascent  vapour  ia  less  than  the 
prewore  of  the  external  air,  so  that  the  Ta^poriiation  can  only  proc<;ed  hy 
BieftDfl  of  the  adhesinn  of  the  existing  gas  to  that  which  is  in  eoDr«e  of 
formation,  then — since  the  portion  of  air  which  ia  in  contact  with  the  va- 
poriitng  body  can  only  be  charged  with  the  naseent  vaptmr  in   the  aatne 
proportion  as  a  vacntim — the  rate  of  eTaporation  will  be  determinodby 
the  rapidity  with  which  the  particles  of  the  c^istinj;  gaa  are  renewed  on 
the  earfaoe  of  the  raporiiing  bwly,  and  wilt  therefore  he  very  slow  iu  s 
«faite  of  rest,  bat  qnicker  in  pruportion  to  the  facility  with  which  tha 
eii^tiog  gu  u  noewed. 

h,  S{i»ali*M  in  which  (k<  formation  of  Gat  or  Vapour  takes  ptaet. 

The  vaporization  of  a  body  takes  place  in  that  particular  part  in 
which  the  conditiona  of  ra;^tori cation  are  completely  fulfilled. 

If  a  body  is  Tcry  volatile  and  contains  a  quantity  of  heat  siifficiont  to 
convert  it  into  gas,  it  instantly  assumes  the  gasoons  fonn  thronghoQt  \U) 
'whoia  masSf  as  aoon  as  the  external  pressnre  allows  of  such  a  chftng0> 
Lhaid  earboDio  acid,  sulphuretted  hydrogen,  and  chlorine  are  instantsno- 
OQAly  converted  into  ga«  with  a  kind  of  explosion,  aa  soon  as  the  resseb 
conttuniug  them  are  opened. 

When  a  lesa  volatile  body  k  beate<l  from  without  to  increase  its  Una- 
itmer  Ut  aaaome  tlifl  ^seoas  form,  the  formation  of  rapour  takes  plaee 
|irtiidpaUy  At  that  part  where  the  beat  enters;  and  when  the  heatinc 
takce  |4ace,  not  from  above  but  from  the  bottom  and  sides,  and  the  h^alw 
~Wlv  i»  li'ioid,  the  vapour  as  it  is  produced  rises  in  bubbles  through  the 
liamd  ana  produces  the  phenomenon  of  Soiltnff  or  EhtiHititm.  These 
^liliMft  of  vaponr  have  the  peculiar  property  of  bein^  almost  alvsjs 
eTolnd  from  the  surfaces  of  solid  bodies,  eitlier  tho  sides  of  the  vhv^Is 
or  botlies  floalinp  in  the  liquid: — the  edges  and  angles  of  such  bodies  frt- 
pcut  [lecnliiir  facilities  for  the  evolution  of  gas. 

\Vbcn  vapiriiation  takes  place  only  from  the  surfece  of  a  Wj, 
Mther  Itecauiio  the  heat  has  access  to  that  part,  or  because  the  evolution  »^ 
gas  takes  place  throucrh  the  medium  of  a  gas  already  present,  the  arti<m 
«an  only  be  recoguized  by  the  diminution  in  bulk  of  the  body;  it  is  then 
otiJkd  Eypap^raivm- 

e.     Aisoqptiim  of  Itmt. 

K»  in  li(|uefaclion,  ao  likewise  in  the  formation  of  gas  or  ra|Mur,  ^ 
bent  which  enters  into  ooaibinatioD  with  ponderable  bodies  panes  into  > 
state  in  which  it  is  inaenrible  to  the  feelings  and  to  tlie  tliermomet<r< 
Any  given  substance  abaorbe  the  same  quantity  of  heat  to  furm  gaf  or 
vapour  of  a  given  deneitv,  whether  the  vaporization  takes  place  ijuicklj 
in  mcuo  or  more  slowly  in  a  space  previously  fiUeil  with  another  ga«;  in 
the  latter  c*se  however  the  rcauction  of  temperature  is  never  so  great  as 
in  tlie  fornuT,  because  the  heat  hit^  mure  time  to  enter  frnm  without  and 
supply  the  place  i>f  that  which  has  become  laieut,— ^and  secondly,  be«aaw 
thr  nther  gai^  alrt^dy  present  gives  up  a  portion  of  its  free  heftt  to  thst 
jwbioh  is  h«ing  formed — an  effect  whioh  cannot  lake  place  in  raouo. 
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fwffd  ciirbonie  add  produces  id  vacuo,  when  tlie  external  tfimperature  is 

30',  J  cold  of  — 933';  a  pasty  mixture  of  tlio  same  with  alcohol  reduces  the 

tolwmture  to  —  92°,  and  with  ether  to   —  OD".     (Mitchell.) — Cotton 

BiJisttfiifj  vvitli  Btilphnret  of  carbon   and  wrapped  round  a  thermometer 

'wws  it  iu  vacuo  from  +  16"  to  — 62°,  (Marcct.)     Liquid  i9ul]>liuroa8 

*'</  produces  in  vacuo  a  temperature  of  —  60°.  (Do  la  Kive,  Pof/g,  15, 

•'id.)    20  grammoa  of  mercury  placed  ia  a  watch-glaaa  under  the  receiver 

"'an  air-pump  in  contact  with  an  equal  quantity  of  liquid  sulphurous 

^ii}  freezes  in  five  minutes.  (Bussj.) — If  the  formation  of  gas  in  a  spaca 

''*Vrjid  of  air  be  continually  renewed  by  the  introduction  of  a  substanoe 

*«iicli  will  unite  with  the  vaporized  body  and  form  a  non-gaseous  com- 

r*>ilnd,  great  degrees  of   cold  may  be  produced   even    with    substances 

*liich  are  not  very  volatile.     Water  placed  in  a  capsule  near  a  basin  of 

''J)  of  vitriol  in  a  vacuum  is  soon  converted  into  ice;  well  dried  powder 

^t  trap-porplijTy  or  oatmeal  will  produce  the  same  effect  as  oil  of  vitriol. 

(Le.s)ie.) — At  a  temperature  of  +  15",   Configliachi    producedj — by  sur- 

iXMinding  a  thermometer  with  cotton  moinitonod  with  various  liqnidjj  and 

*iitrodocing  it  into  a  vacuum  in  which  there  was  also  a  vessel  containing'  oil 

vitnol.— with  water  a  temperature  of  —  41*25",  with  sulphuric  ether 

51",  with  alcohol,  — 37 '5^,  with  nitric  ether,  —  31-25  ,  and  with  hydro- 

iloric  ether,  —30°.     In  the  same  manner,  Qraham  {Schio.  55,  188)  ob- 

inetl  wilb  water  a  temperature  of  — 14",  and  with  alcohol  (or  a.  niii- 

of  3  parts  alcohol   with  one  part  water,  which  acts  eciually  well 

UM  the  water  renders  latent  a  larger  quantity  of  hcat)^  a  tempcra- 

Lsreof  — Sl°.     {Comp.  Dove,  Puffff.  19,  3iB.) 

Wollftslon's  Cri/npkw^m  {Ann.  PkiL  '2,  230;  alao  Gilb,  52,  274)  coji- 
of  two  ghiijs  bullts  connected  by  a  tube, — exhausted  of  air  and  con- 
iojer  ft  little  water.  If  all  the  water  be  mado  to  pass  into  one  of  the 
flHilbe,  and  the  empty  bulb  immersed  in  a  freezing  mixture  so  as  to  con- 
I  getl  the  vapour  contained  in  it,  the  water  in  the  other  bulb  will  he  frozen 
JB  ooneequeuco  of  the  rapid  evaporation  which  ensues. — Perkiu's  apparatus 
fee  cooling  water  fur  household  uses  by  the  evaporation  uf  ether,  in  sucli 
•  mfeBDor  that  the  c-tber  ie  not  loat,  acts  on  eimiUr  principles.  {Ann. 
Piarm.  22,  214.) 

On  opening  the  stop^cock  of  an  iron  veseel  containing  liquid  carbonic 
add  and  directing  the  etretim  of  vaporizing  acid  by  means  of  a  narrow 
tnbe  into  a  hollow  sphere,  the  latter  quickly  bocomoH  filled  with  curhonio 
acid  mliditicd  like  flakes  of  anow,  the  temperature  falling  to  —  100°, 
The  stream  directed  on  the  bulb  of  a  Bpirit-thermometer  cools  it  to  ^  00°; 
Lul  it  will  not  frecM  more  than  a  small  quantity  of  mercury,  wlicreaa 
the  stream  of  gas  produced  !»y  a  mixture  of  carbonic  acid  and  ether  eoon 
ftMtee  50  grammes.  (Thiloricr.)  When  the  liquid  carbonic  acid  is  en- 
doMd  in  a  strong  glass  tobo  closed  with  a  brass  cock  and  tube,  a  violent 
laotiun  of  the  liquid  ia  observed  on  opening  the  stop-cock,  ^  of  the  car- 
bonic acid  remains  frozen  in  a  dense  but  yet  porous  majss,  and  exhibita  at 
the  moment  of  freezing  a  temperature  of  —  65°.    (Mitchelh) 

When  a  body  posHeu  to  the  gaseous  state  in  a  epaoe  already  filled  with 
another  gas,  and  at  a  temperature  at  which  the  tension  of  the  gas  in  pro> 
tarn  of  forroalion  ia  less  tlian  that  already  existing,  the  c«ld  produced  is 
crcmter^the  stronger  the  tendency  uft  lie  substance  to  ae.<!nme  the  gafieons 
foi-j,i — the  greater  the  quantity  of  heat  required  fur  it«  conversion — the 
KTCHter  the  rarefaction  of  the  eii*liug  gas, — the  smaller  the  quantity  of 
Uic  other  gu  already  contained  in  it  (if  it  be  already  saturated,  no  farther 
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TiiMriniion  %a4  llierefor«  Dofortbdr  cooling  eui  take  ji1aoe)-»«ad  ih»  mora* 
it  u  Bet  in  motion, 

Wlien  vaporiflilioD  takes  place  in  the  opeu  air  below  the  boiling  |M>inl^ 
tbc  mHxinnim  of  roolin^  u  ptodaeed,  aa  eooti  iu  tie  quantity  of  heat  ren-> 
dvTinl  Inlvnt  by  the  process  becomes  erjniil  to  that  whieb  tbo  air  g{v«a  ofi 
in  nrJer  tu  plaM  itMlf  in  ocguilihrio,  ae  regards  preesuro  aa<\  tempnratnro, 
with  the  ^u  in  noana  of  fbrmation,   +  the  quantity  supplied  frum  viih- 
out  (thiiiboweTer  may  b«  neglected  when  tiic  differeoco  dnei  not  exceed 
a  few  d(-)iTo«a).     Gay'Laasac'a  fononU  for  caluulating  the  lovreat  lempa- 
i-ature  nttttinaldc  in  this  mnnuer  will  be  found  in  the  Ann,  Chim.  Pkyi. 
21,  62. — If  air  dried  by  cliloride  of  calcium  under  a  preesura  of  0  7fl' 
metre  he  directvdon  a  thetmotnetcr  bulb  surrounded  with  baptist,  and  lite 
baptist  lie  nioUteued  with  water,  the  fdlowing  degreei  of  cold  wiil  h« 
produced : 
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When  the  external  preBsnre  to  which  the  air  ia  eubjected  aoiountu  to 
only  0*65  metre,  a  cooling  of  10*5'  takes  place  at  12-5°,  and  at  0  5  metre 
it  amounta  to  12'  at  the  «n.tno  temperatnra.  According  to  tbo  preceding 
tabl«,  dry  atmospherio  air  would  cause  the  froexing  of  water  at  8';  bu| 
since  oommon  air  containei  a  large  quantity  of  vapour  uf  water,  Ihfl 
freeaing  uf  water  usually  comnienooa  at  uboot  i":  it  ia  only  on  higl^ 
mountAins,  whfiro  tliti  air  is  dryer  and  rarer,  that  congelatian  takes  ylaot 
at  higher  tonperatvires.  (Gay-Lussac.) — A  wet  finger  exposed  to  the  ai 
beconiea  coMebt  on  the  eido  from  which  tht  wind  blows. — Alkaraxi, 
porous  water-jup  in  which  the  water  which  exudes  through  the  jMjre 
eva)H)nita8  and  thus  coulii  that  which  remains. — The  production  oif  ino  ii 
India  {C'-elL  Chem.  J,  1,  107)  is  according  to  Wells  (.VcAir.  22,  187)  an 
P.  Scott  {Siiinb.  J.  qf  8c.  8,  21(3;  aUo  A'cAw.  52.  y72)  an  effect  not  s 
much  of  eooling  hy  Qraporation,  a«  of  radiation  tuwards  empty  spaa( 
the  lemperuturo  of  wbioh  is  very  low. 

The  Psychromotcr  of  August  {Pogg.  h,  69  and  S,"?.?;  14,  139)   is 
tnatnimcnt  for  determining  the  hygrometrie  stato  of  the  atmosphi 
Twn  i»niall  tbermonieterfi  a,  h,  are  placed  near  one  another,  one  of  d 
i  being  covered  with  wet  mualin:  ita  temperature  becomes  lower 
that  of  a,  in  proportion  as  the  air  ia  drier  and  more  water  a 
The  dJflFerenco  of  the  temperatures  indicated  by  n  and  b  being  raoUi^ 
by  2,  and  the  product  subtracted  from  the  temperature  denoted  hy  a,  tk4 
reniaiuder  ahows  the  teuiperutnre  at  which  the  aqueous  vapour  in  the  ai 
will  coudense. 

If  a  thin  glass  bulb  coataiidng  water  bo  enrrounJeJ  with  cotton, 
other  dropped  on  the  eotton  and  a  stream  of  air  dircetod  on  it,  the  wata 
will  freoio  in  a  few  minutea.  If  the  bulb  uf  n  mercurial  theminmete 
be  wrapped  up  in  cotton,  then  liquid  suipbfirousi  acid  dropped  ou  th 
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Attttniad  tbe  iustmment  moved  aliout  in  the  air,  tlte  m^rcorj' gT&duaUy 
feitiks  to  —  86°,  then  falla  euddeuly  into  tlie  bulli  and  fKetvu.  (Bussy, 
y.  f'kurift.  10,  202;  aleo  Schw.  41,  451.)  Half  an  ounce  of  mercury 
placed  in  a  watcli-glas£  aod  covtired  with  lit^uiil  eulphurons  acid,  freeiea 
vhen  blowu  upon  with  a.  pair  of  bcllcwB.  (Wadj,  .ScAw.  &ti,  24.)  Solid 
Mrbonic  acid  moved  about  in  the  air  produocB  a  degree  of  cold  amounl- 
Ing  to  —72-2' ;  if  it  be  mixed  with  ether  tha  t(.'n]perature  falli  to  —  TB-?"; 
•n  blowing  on  the  reixturo  it  is  further  reduced  to  —  79°.  Mercufy 
iiQJuersed  ia  solid  carbonic  acid  in  the  open  air  freezes  in  a  few  sepotidij 
in  a  mixture  of  solid  carbnnio  acid  and  ether,  it  frBczcs  instantly.  Liquid 
carbcinic  acid  cncluaed  lu  a  tube  ntay  nko  be  solid ificd  by  inTinertiioh  in 
Vuch  a  mixture  ;  the  frozen  portion  eiuks  to  tbo  bottcitn  of  thai  wliicU 
•till  remaina  liquid,  tiil  the  whole  becomes  froscn  into  a  compact  masa 
like  that  iiBnaUy  formed  by  solid  cjirbouio  acid.  (Mitclietl.) 

When  a  body  ia  heatna  iit  the  air  to  its  boiling  pdtit,^  it«  temperntuir^ 
cfinnot  bo  rmsed  higher  by  any  further  uddition  of  heat,  because  all  the 
beat  wLiL':b  afterwarda  eutcra  the  budy  combiner  with  it  to  form  a  gas 
aud  thus  becomes  latent.  Tho  vaporising  bo<ly  remains  conetantly  at 
ibe  boilinf?  teinperaturo,  and  the  vapour  produceil  baa  likewise  the  saniQ 
totnjierature,  provided  no  more  heat  be  subsequently  added  to  it.  This  ia 
tlie  principle  of  the  Wate^'-f/atA,  Btilnetim  Mnru  s.  Marias,  a,  covered 
VMtel  in  which  water  is  heated  tu  the  boiling  pmnt :  the  cover  hna 
apertures  in  it,  into  which  a  number  of  vossela  are  inserted  bo  an  to  dip 
either  into  the  water  or  into  the  steam ;  they  are  thus  oxpoaed  to  a 
nniform  temperature  not  exceeding  1U0°.  If  a  lower  temperature  be 
required,  spirit  of  wine  of  various  strengths  may  bo  naod ;  higher  tem- 
p*riiture9  may  be  obtained  by  mcaua  of  solutions  of  chloride  of  calcium  of 
^arioua  d(?igrei^  of  concentration. 

Variations  in  the  temperature  of  a  body  heated  to  ebnilition  may  bo 
prwiuccd  by  the  following  cauaeo. 

1,  By  change  ofatmoepheric  pressure. 

Pw.  inches,.     26  2G-5  27  87-5  28  28-5  S3 

B«Hiog  point      98-3ee'       ^MTb"    89'ltta°      99-502'      100       lOO'tOS"     \O0B1'* 

Hence  the  difference  for  each  inch  \m  about  O'^lT".  (Graham.) 
a.  If  beat  bo  uppliod  to  the  lower  part  of  a  liquid,  snob  u  water, 
euntaincd  in  u  deep  vessel,  the  bent  niuHt  rise  to  a  higher  degree  at  this 
lower  [lai-t  befure  bubbles  of  vapour  can  bo  developedj—hooauae  their 
ola«tic  force  bail  to  overcome,  not  only  the  atmo9j)heric  pre^Hure,  but  like- 
wiio  that  of  the  supeiineumliont  column  of  liquid,  Under  a  column  of 
water  10  nictrei^  high  (-^z  1  atmosphere)  water  cannot  boil  below  123''; 
but  in  pa*wing  up  through  the  liquid,  the  vapour  expands  and  beooniea 
cooler,  to  that  wh«ti  it  eneapes  at  the  ^urfaoe  it  hait  a  tf^mpcrature  of  100", 
(Cay-LuB«ac,) 

a.  ^intits  the  romiation  of  gas  in  a  maBs  of  liqniil  takes  pinco  pnn< 
eipally  at  tbo  ('•Iges  of  any  solid  bodies  which  may  be  contained  in  it,  it 
hlirathat,  when  no  such  e<!gea  are  present,  the  heat  nui»t  accunmlate  in 
rliat  greater  quantity  before  the  bubbles  onn  form  ;  bunco  tlis 
tailing  point  of  a  liquid,  f.  ff,  water,  is  lower  by  eonie  tentbt.  of  a  degree, 
1:^  at  moet,  and  (he  boiling  goes  on  more  uniformly  and  Icbs  by  fits  and 
Kta.rU,  when  the  surface  of  the  vessel  is  uneven,  or  when  metallic  powders, 
lilinge,  or  wire  are  introduced,  or  when  the  liquiil  ia  sgitnted.  (Acbard, 
ScAw.  27,  27; — Gay-Lnstiac,  Attn.  Chim.  82,  174;  Ann.  C'him.  Fhytt 
7,  307: — Muncke,  GUI.  o7,  21  j.)     Water  boila  iu  nietallio  veiwlB  at 
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100°,  in  glass  Tessela  at  1(H'33°;  but  in  the  latter  case,  the  vaponr  wLIcli 
riB&s  bfla  a  temporatfire  of  only  100°,  the  higher  boiling  jtotnt  being  pro- 
bably due  to  a  greater  adhesion  of  ^lOiSS  tu  water.  (Rmiberg,  Poffrf.  40, 
49.)  Ethcp  of  0-755  sp.  gr.  which  boiled  at  44-4^  C.  in  a  ^lais  'fiaek, 
req^ircil  a  bent  of  65*5°,  and  sometimea  even  79",  to  make  it  boil  in  • 
jflass  tube  closed  at  the  bottom  nod  iimnersed  ia  hot  water  (in  the  Istt 
cajse  it  couid  Dot  luovo  so  freely) ;  iuet[Ltlic  filings  or  wire,  fragmeaU 
slaaa,  or  pouttded  glass  lowered  the  boiling  point  to  51^;  if  the  liquid 
Sad  ceaeod  to  boil  at  this  tcmiverature,  the  ebulKtian  wns  reproduced  on 
the  introduction  of  shavings  or  eplintGrs  of  wood,  (thew  however  most 
likewise  have  acted  by  means  of  the  air  which  escaped  from  their  pores. 
Gm.)  Similar  requite  wero  obtained  with  alcohol  and  water.  (Bostock, 
Ann,  Pkil,  25,  lOfJ.)  Watery  Ilquidig  heated  to  the  boiling  point  and 
then  romoTed  from  the  5re,  exhibit  fresh  ebullition  on  the  introduction 
of  solid  bodies,  only  when  a  permanent  gaa  likewiae  comea  into  play, — 
bflCMiee  the  mixture  of  watery  vapour  and  permanent  goa  ansta.ins  the 
irrcMnre  of  the  atmosphere  at  a  temperature  below  100°,  Pare  boiled 
water  evolves  no  bubbles  of  vapour  on  the  introduction  of  platinum  wire,  I 
but  nevertheless  boils  up:  80  also  does  pure  water  which  still  cuotaina  < 
sir,  on  the  immersion  of  n  platinum  wire  which  hoa  been  freed  from 
adhering  air  by  prevtLiua  boiling.  The  same  phenomenon  is  exhibited  by 
water  freed  from  air  on  the  introduction  of  a.  metal  wire  having  air  etilll 
adhering  to  it;  and  more  violently  on  the  introduction  of  a  piece  of  l 
wood;  also  by  water  containing  from  iV^  ^  toit  "'  sulphuric  or  other 
acids,  on  the  immersion  of  iron  or  other  metals  which  developc  ga^  by  tbo  J 
action  of  the  acid,  or  on  the  introduction  of  calc^par.  (Schlinbein,  Poffg.  fl 
40, 391.)  ■![ 

4.  Many  foreign  bodies  produce  precisely  the  opposite  eflfect  on  the 
boiling  point  of  a  liquid :  they  cansc  an  aociunulatioa  of  heat  tn   the 
liquid,  and  tbua  raiBc  the  temperature  far  above  the  boiling  point, — till  on 
a  sadden,  tbia  excess  of  heat  is  expended  in  the  formation  uf  vaponr,    ■ 
wnJch  not  only  caosea  a,  rising  and  projection  of  the  liquid,  but  al&o  ■ 
OOeasioDS  violent  noisy  agitation  and  often   fracture  of  the  containing    " 
Tessel.     Upon  this,  tlie  liquid  goes  on  boiling  but  with  continually  dimi- 
nishing force;  and  at  length  comes  to  rest  and  remains  tranquil,  till  a  fresh 
accumulation  of  heat  cauE-ca  the  same  action  to  bo  repeated.     Tb)s^'i(»i^>- 
iiiff  ebullition  occurs  in  water  containing  sulphate  of  potash  in  greater ' 
quantity  than  it  ia  able  to  dissolve,  in  oil  of  vitriol  which  contains  even 
a  small  quantity  of  sulphate  of  lead  in  the  state  of  powder,  and  in  nitrio 
aoid  containing  crystals  of  nitrate  of  silver.     The  presence  of  fat  oil, 
according  to  Scrymgeon,  raises  the  boiling  point  of  water  some  degrees;  ] 
and,  according  to  Magnus,  a  layer  of  volatile  oil  on  the  surface  of  water 
causes  a  rise  of  temperature  of^  10°  above  the  boiling  point,  accompanied 
by  violent,  percussive  ebullition,  which  however  passes  into  quiet  boiling 
as  soon  as  tlie  layer  of  oil  becomes  broken  by  bubblefi  of  vapour.     Water 
holding  salts  in  solution, — e.g.  neutral  tartiuto  of  potash,  and  more  espe- 
cially caustic  potash — has  a  great  tendency  to  become  overcharged  with 
heat,  so  that  the  liquid  flows  over  when  stirred.     The  presence  of  metal 
filings,  wire,  or  cattinga  tends  to  prevent  irregular  ebullition,  tnasmnch  a« 
metallic  points  facilitate   the  formation  of  bubbles;   but  swording    to 
Legrand  {Ajin^  Cfdm.  Phti9.  5f),  42(}),  nialinum  is  not  nearly  so  offii'acioua 
as  zinc  or  iron,  niDtuU  in  faC(t^luu^flB|HB||LWat6ry- 
isinc  placed  in  £=aljne  solutiojqjgiiHHHI^^^^^^lHHb  *>  D^t  s«nsit 
diminished  bat  only  slight 
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When  a  volatile  body  liaa  Ita  boiling^  point  i%Ued  by  combinatian 
»  lees  Yolatile  aubstance,  the  vapour  at  tlie  momeut  of  its  formatioa 
rue  posseeses  the  Uijrher  tcniperalure,  but  iituekty  cools  down  tg  tha 
py  boiling  point  of  the  body:  e.  g,  vapour  of  water  evolvoj  fruni 
Baline  solutione.  (Gay-Lussac,  Ann.  Cfiim.  Pkifi.  20,  324;  70,  420.) 
ibonr^   Jaki-etb.    19,    55.)      Acconling   to    Faraday    {Anv,    Chim, 
ijf$.  20,  325)  and  RuJl>erg  (^Pogg.  3-1,  25?)  tke  vapour  of  water  evolved 
Dtn  boiJtng  saline  solutluDS,  even  from  a  solutiou  of  cbloride  of  calcium 
rbich  buiis  at  150",  haa  always  the  temperature  of  100", 

VVben  a  volatile  liquid  ia  situated  at  the  bottom  of  a  less  volatile  otio 
with  which  it  Joes  nut  mix,  its  boiling  pcjiut  is  sumewLat  raised  iu  prw- 
>rtioii  to  the  prcsaure  exerted  by  the  upper  liquid;  but  the  temperatura 
(the  vapour  bubbles  which  rise  from  the  lower  through  the  upper  liquid 
below  the  boiling  point  of  the  moro  volatile  body,  because  itfi  vaponr 
KOtDBS  mixed  to  a  certain  extent  with  that  of  the  upper  liij^uid  (the 
temperature  of  which  is  somewhat  higher  than  that  of  the  lower) — bo  that 
the  mixed  vapour,  by  virtue  of  the  sum  of  ita  tensions,  is  able  to  balance 
thfl  pressnro  of  the  air  at  a  Bomewhat  lower  temperature.  Thus,  the 
'  Diting  point  of  Biilphnret  of  carbon  aituated  below  a  layer  of  water  is 
\',  and  the  temperature  of  the  mixed  vapour  43*3^ ;  the  temperature  of 
Iter  boiling  under  oil  of  turpentine  is  102°,  and  that  of  the  mixed 
)ar  D4'5''.  A  volatile  liquid,  aituated  above  a  leas  volatile  one,  e,  g. 
Uer  above  mercury,  boiltj  at  the  eaine  temperature  as  when  alone. 
lagfltis,  Pof/tj.  38,  481.)  Comp.  Liebig  (Poffff.  24,  277) — 6ay-LiisBa« 
Inn.  Vhm.Pgt.  40,  393;  50,  111). 
Leidrnfrott't  Jirperimttni.  When  a  volatile  liquid  is  dropped  on  a  sur- 
f'lco  hcatt'd  to  redness  or  a  little  below,  it  does  not  adhere  to  the  surface,  but 
iwims«  upon  it  in  a  globular  form:  ncitberdoes  it  become  heated  to  itsboil- 
in^f  point;  but  diminit'lics  lalowly  in  consequence  of  the  fortTiittion  of  vapour, 
whieEi  esi^pca  between  the  heated  aurfato  and  the  liquid,  and  likewise — 
when  the  quantity  of  liquid  is  considerable — eaoapeem  bubbles  through  it. 
When  the  temperature  of  the  surface  falla  to  a  certain  point,  tbe  liquid 
CMnev  in  contact  with  it,  boils  with  violonee,  and  is  rapidly  converted 
tBto  vapour.  The  aurface  may  consist  of  platinum,  silver,  copper,  iron, 
«B<!  other  metals,  or  of  glass  or  porcelain;  but  the  lower  ita  coudocting 
power,  the  more  atrongly  must  it  be  heated.  Thp  experiment  sncceeds 
with  Bulphoroua  acid,  ether,  alcohol,  water,  oil  of  vitriol,  and  mercury; 
tlw  Iiijjhcr  the  boiling-point  of  the  liquid,  the  more  strongly  ninsl  the  sur- 
fcce  be  heated,  A  gmall  platiuura  crucible,  strongly  ignited  over  an 
Ar^nd  spirit-lamp,  may  bo  gradually  filled  with  water  to  the  brim. 
Uclted  elaj|a  falliniu;  in  dnqia  upon  water  swim  for  some  time  on  the  sur- 
Ac«  in  B  Htatc  of  incandescence,  and  then  sink  with  a  hisBing  noise.  (Fara- 
diy.)  Alcohol  dropped  on  an  almost  boiling  mixture  of  alcohol  and  oil 
of  vitriol,  swims  upon  it  in  jrlohulea.  Potash  and  its  salts,  likewise  char- 
ami  powder  or  ink,  added  to  the  water,  interfere  with  the  phononienon, 
aeooraltig  to  Pouillot.  The  same  appearance  is  prencntcd,  according  to 
Dtlatre  <fc  Boutigny,  by  sulphurous  acid,  water,  and  ether,  oven  in 
Ttcaa  If,  on  the  other  band,  a  heated  glasfl  flask  containing  ether  in 
Ihiv  peculiar  floating  condition  be  titoppcd  with  the  finger,  and  the  foniia- 
tfon  of  vapour  thereby  prevented,  the  phenomenon  Mill  be  arrested. 
(Ueemnrcst.)  Liquids'  in  this  state  are  not  reeolved  into  permanent 
gMtKs,  but  rvapornto  unchanged.  On  counccting  the  metallic  snrfaco 
with  one  polo  of  a  hlmplo  galvanic  circle,  and  the  liquid  with  the  other,  it 
«a  foand,  according  to  Poggendorfl',  that  no  electric  current  paases,— and 
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conaeqnantly,  tlie  liquid  and  fho  iieakd  surbce  6re  not  b  coatsct. — The 
he»l  which  radiates  from  the  heated  aurface  und(jubt«Jly  produeee,  befow 
the  su^^lU^e  mid  the  liquid  can  cuine  iuto  iiiiitiodiatc  cuntact,  a  quADtitj  of 
vaiwur  EuflirieDt  to  stjpnort  the  liquiJi  a.nd  tUia  vapour  heinft  contiuaallj 
renewed  }ire\'oiita  the  Iit|uid  fr»m  tou«hing  tlie  Barracc,  and  thus  interorpt* 
the  more  rapid  transmiEsion  of  heat  bj  c^nductiuu.  [Compare  EUer  {ffitt, 
dttAtaii,  df  Htrl.  IT^K,  4S),  who  appears  to  ha%'e  heen  the  first  to  oh- 
lervg  the  effect;  Loidenfroet  {fie  aqvuac  comm,  qtcalilaliitts.  ftuUL  1756)', 
Kkproth  (Sc/wr.  J.  7,  040);  Uaueko  {Potrg.  10,  514);  Faraday  (^w,  J. 
(if:ic.  N.  S.  3,  221);  Duff  {Popg.  23,  a»l;  also  Ann.  Pharm.  2,  220)^ 
Looherallier  (J.  Pharm.  18,  8«a);  Daiidrimont  {Ann.  Chim.  PJty*.  &t 
319);  Laurent  (Ann.  Chim.  Phyt.  82,  327);  Boutigay  {Pogg-  51,  ISO) 
Ensmnnn  {Poffq.  51,  444);  Ritter  {J.  pr.  Chtm.  10,  108);  Doemuwt  (, ' 
Phanti.  26,  74tJ);  Vix^^t^mlon'l  {Pogff.  52,  538).] 

The  alatement  of  Jacniijtiiytis  {Poffg.  87,  467)t  that  tha  bottom  of 
metallic  vessol  may  bo  touched  with  impunity  a«  long  as  wat^r  is  boiling 
in  it,  descrres  rerification. 

When  a  volatile  body  ia  exposed  to  a  high  tcmperatnrc  in  a  DarroTir 
^a(M<,  cither  vacuous  or  filled  with  air,  attd  enclused  by  solid  walls,   tha 
rapour  produced  from  it  acquires  a  continually  increasing  claaiicilv,  an<J 
tliiia  raiNS  the  teuiporature  of  the  body  moro  and  more, — so  that  nt  Icogth 
a  degree  of  heat  ia  attained  at  which  the  body,  under  the  ordinary  letnpO' 
rature  of  tho  air,  would  bg  iostautly  converted  into  Yapour.  {^Papm*§ 
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^  Faraday  ha.9  succoedefl  in  freerinjer  mercury  in  a  red-hot  platinum 
crucible,  by  puttin,^  into  the  crucible,  lirst  ether,  then  solid  carbQuic  acid, 
and  then — when  the  whole  ia  in  the  apheraidal  state — dipping  into  it  a 
small  metal  epoon  containing  between  400  and  oOO  giains  of  mercury, 
The  mercury  freow*  in  two  or  three  aeeonds.  {N,Ann,  Chim.  jPAy«,  19, 
383.)  The  illm  of  rapour  which  intervenes  between  the  red-hot  metal 
and  the  Bcmi-fluid  maaa  of  cthor  and  carbonic  nciil,  completely  prevent* 
the  eomniuuication  of  heat  from  the  crucible  to  the  mercury. — In  a  similar 
mauner,  water  may  be  frctzen  in  a  rod-hot  crucible  by  the  agency  uf  liquid 
nulphuroua  acid.  4 

d.  Incrente  cf  Volume. 

The  expansion  of  a  body  on  pacing  into  the  gaseoua  state  rariei 
nocnrding  to  its  nature,  and  likewise  according  to  teniiieraturo  and  exter- 
nal prcflBnre. 

One  measqre  of  water  at  0'  yields,  nnder  a  pressure  of  O'Tfl  mette, 
170w  mewsurea  of  vapour  at  100",  according  to  Gay-Luasac,  and  1728 
Moordiag  to  Dalton:  1728  is  the  cube  of  12;  hence,  accordinif  to  Dnlton'a 
view,  the  atoms  of  water  in  the  gaseous  state  must  be  removed  from  one 
aaother  12  times  as  far  as  in  tbo  liquid  state;  if,  however,  there  be  any 
foundation  for  this  supposition,  it  must  be  true  for  all  external  presaures, 
(On  the  eipansion  of  certain  other  bodies  by  conversion  into  gas,  eonp. 
pp,  57,  3,  imd  73.  1.) 

Prom  the  following  table,  &ay-Lu88ao  conoludes  {Ann.  CAim,  Phyt.  2, 
180)  that  bodi(»,  in  assuming  the  gaseouii  form,  expand  bo  much  the  less 
in  proportioa  as  they  sufler  a,  greater  amount  of  contraction  in  cooUti^ 
from  their  boiling  poioti: 
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DBNSnr  OF  GASES. 


Gatrwtion  of  1000  meunres  of  liquid  when 
eooleil  from  the  boiling  point  to  a  tempera- 
twe  50°  below  it 
ttMiitilj  of  Taponr  at  100°  (in  litres)  prodnced 
bf  1  gramme  of  liquid 

of  Taponr  at  100°  prodnced  by  I 
I  of  Uqnid  at  the  boiling  point 


Water. 


28-56 

1-700 
16331 


Alcohol. 


56-02 

0-661 

488-3 


Sulphnret 
of  Carbon. 


56-28 

0-402 

491-1 


Etb 


72-1 

0- 
285- 


Spwific  Gramty  of  Inorganic  Gatet. 
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M'cight  in  Rranmi 

:-— J 

Spaeifie  OiaTity,  that  of  Air 

-  1-0000. 

1  Litre  of  Gas  at 

Bar.  0-70  met 

of 
H>1 

Calen- 
latkn. 

Obserration. 

Calcu- 
lation. 

Obserra 

'.  %» 

0 

U 

llOflS 

1-087    FS 

1-088 

AP 

1  1036 

BD 

1-4410 

1-4888  B  D 

"Bti 

1-108       K 

M081 

Bf 

1-1030 

BA 

1-4837  B  A 

1-1086      S 

1-1057 

DB 

1-1117 

To 

1138  HD 

■   **'      H 

1 

0i)«9S 

0-0688  BO 
0  0709      L 
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Remarks  on  the  -preceding  TalU, 

AP.  denotos  Allen  &  Pepys;  Be.  BeiUTJ;  Bf.  BtiflT;  BI,  Bincan;  Br. 
Brisson;  Bt.  Borthollct;  Bz.  Berzeliiis;  BA.  Biot  &  .^Vrago;  BD.  Berze- 
lias  &  Dulang;  BG.  Biot  &  Gay-Lussac;  Cm,  Cavcndisli;  Cb.  CoaerW; 
Co.  Colin;  Cr.  Cruikslianks;  CD.  Clement  &  Desormcs;  Da.  Dallon;  Dm. 
Deim:in;  Da.  Duma*;  Dz.  Despretz;  DB.  Dtinias  &  BoussingEult;  FS. 
Fourcroy,  Viui.]ucltu,  &  Segiirn;  G.  Gay-Lusaac;  GT.  Gay-Lussac  k 
Thenardj  H.  Henry;  HD.  Humpliry  Davy;  JD,  John  Davy;  Jq.  Jaque- 
lain;  K,  Kirwan;  L.  Lavoisier;  Ma-  Marchami;  Mt.  AliLacherlich;  Kg. 
Regnadt;  R.,.  Rose;  S.  Saussurc;  Te.  Theuard;  Tf.  Tromsdorff;  T0.J 
Tbaroson;  Tr,  Tralles;  W.  Walter. 

TLo  calculation  of  t!ic  specific  gravity  of  gases  rests  upon  the  follniv. 
ing  suppositions:  (1.)  That  the  atomic  weights  of  the  elementary  bodies 
ttte  those  girea  on  page  50,  and  conserjiiontJy,  that  if  one  measure  of  oxy- 


weigh  16,  one  meajsnre  of  nitrogen  gaa  will  weigli  14,  and  one  mea- 
of  carbonic  acid  gas  22. —  (2.)  TImt  the  air  Is  a  mixture  of  21  meEL- 
|t«s  of  <ixyg«i],  78  95  of  nitrogen,  and  005  of  t-arboiiic  acid  gas.  U  x 
lenote  Ike  e|i,  gr.  of  oxygen,  y  of  nitrogen,  and  i  that  of  carbonic  acid 
■s  (that  of  Kir  =  1}  then  0-21  x  +  0-7a95  y  +  0'0005  ?  =  1;  niorflover, 
^  =  8  y;  and  1 1  x  =  8  j.  From  this  we  find  that  the  specific  gravity  of 
tygeu  ia  1-10926,  that  of  nitrogen  0-9706,  and  that  of  carbonic  acid  gaa 
'S2S2.  From  one  of  theee  three  magnitudes,  tal^eu  as  a  starting  point,  the 
Mcific  giaritica  of  the  remaining  suhstancca  Lave  been  calculated  accord- 
ig  to  their  atomic  weight?, — and  from  the  same  data  it  hast  likewise  been 
eteriiiincd  whether  they  unJergo  0,  1,  3,  6,  9,  12,  18,  or  2't-fold  expan- 
Dn  in  the  gaseoua  state.  Tlic  specific  gravities  of  thoao  substances 
fcicb  in  the  tjtble  hare  a  note  of  interrogation  put  after  them,  have  never 
ken  determined  by  direct  eiperimeut;  in  the  liypothotical  calculation  of 
lem  it  baa  been  assumed,  according  to  analogy,  that  the  vapours  of  sele- 
ioni  and  tellurium  are  6-atoraic,  vapour  of  antimony  2-atontie,  and  the 
pours  of  carbon,  boron,  fluorine,  hydrofluoric  acid,  siliciuni,  titanium, 
(Qiitb,  and  tin,  are  1-atoniic  gases.  The  differences  between  t!ic  results 
ulatiou  and  experiment  are  eaaily  explained  in  the  caee  of  vapours, 
o  tho  exact  determination  of  their  specific  gravity  is  auhject  to 
difficulties.  The  diU'erenccs  between  the  results  of  calculation  and 
rvation  in  the  case  of  tho  pernmnent  gasea  perhaps  arise  from  (bo 
doption  of  incorrect  hypotheses  in  the  ealcnlatiun,  e.ff,  the  atomic  weight 
f  Ditrogen  may  Lave  been  assumed  too  low.  Since,  however,  the  resulta 
f  the  most  distinguished  observers  freijueiitly  differ  more  from  one  ano- 
ker  than  from  tho  calculated  specific  gravity,  a  new  and  exact  revisiou 
I  tlie  specific  gravities  seems  to  bo  re(|uirod,  to  enable  ua  to  decide  posi- 
vely  respecting  the  correctaess  or  incorrectness  of  the  assumed  hypo- 

_  e  litre  (or  1  cubic  decimetre)  of  water  at  +  i'  (its  point  of  greatest 
lity)  weighs  1000  grammes.  I  litre  of  atmospheric  air  under  tho  4jth 
Anllel  of  latitude,  at  0"  C,  and  O'TtJ  met.  atmo.'^phoric  pressure,  weighs, 
rcordiag  to  Brot  &  Arogo,  1*2991  grarauie  (according  to  Dumas  &  Bous- 
inganlt  1  -2095).  This  gives  for  the  weigh  t  at  4^, — since  at  this  temperature 
p.  224)  tlio  air  is  expanded  ^fj  of  its  bulk  atO"  (278  :  274  =  1-29D1  ;  j"), 
i'28  grauirae.  To  find  tho  weight  of  a  litre  of  any  other  gas  at  0°  and 
l~C  met.  bar.  multiply  the  .specific  gravity  of  the  gaa  by  1'2991  (the  sp. 
r.  <tfair  =  1).  In  this  manner  wo  may  obtain  with  tolerable  accuracy 
DC  ncl.itioa  by  weight  of  water  to  t!ie  gas,  since  1  litre  of  water  weighs 

000  gramniei*;  only  it  must  be  renierabered  that  the  weight  of  tho  ga^  ia 
ftken  at  0  ,,  and  that  of  the  water  at  +  4^.  If  wo  would  find  the  relation 
letween  the  specific  gravitiea  of  tlio  gas  and  water  at  the  ^arao  tompera- 
Jirc,  viz.  +  4",  we  mUiSt  assume  that  of  water  =  1000,  and  multiply  the 
p.  gr.  of  tho  gas  (that  of  air  =  1)  by  1  -28. 

According  to  the  prccoding,  the  spccificgravity  of  air  at  0^  and  under 
>  prepare  of  078  metre,  is  to  tLat  of  water  at  +  4°  as  1-2 95)1  :  1000; 
icnco  (since  12991  ;  1000=  1  :  7C07)  water  is  770  times  as  heavy  aa 
if.  If,  then,  the  sp-  gr.  of  air  =  1,  tliat  of  water  =  770;  and  if  the 
jecific  gravity  (that  tt(  water  =  1)  of  any  liquid  or  solid  body  be  multi- 
lied  by  770,  the  product  will  be  its  specific  gravity,  taking  that  of  air 
:  1,     On  thd  contrary,  to  reduce  the  sp.  gr.  of  a  gas  (air  =  1)  to  what 

1  will  be,  taking  water  =  1,  we  divide  tho  former  Ijy  770.  Tu  find  the 
KpattHton  which  a  Ixnly  undergoes  in  assuming  the  gaseous  form,  uinlttply 

(water  =  1)  by  770  (the  product  will  bo  ita  sp,  gr,  air  =  1), 
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and  divjdo  this  product  bjtha  tip.  gr.  (air  =1)  which  it  lina  in  the 
etate;  e.  g.,  iii  the  case  »f  wat^T:  1000  (dp.  jrr.  of  water)  X  770  =  7705] 
and  770:0C23{I  (sp.  gr.  of  vapi>ur  of  water)  =  1234  1 ; — for  solphtu' 
t^Yi^l/-*  =  231*;  that  Ib  to  say,  1   vqIuiup  of  water  at  0'  yields  1234  1 
voluiueij  of  vapfiur  of  water  at  0"  and  0*76  met.  prcesure;  and  1  volumo 
of  piilphur  yields  231"4  roiumes  of  sulphur  vapour. 

[i*oggenJorfl"s  tahies  on  the  g]x?cific  gravity  of  gaeea.  (Poflff.  17,  259; 
21,C2tfj  €1^449;  4Jf,  416.)— Buff's  method  of  Jclennining  the  Bjiecltio 
gravity  of  rasei.  {Fo^ff.  22,  242.)  Dumas'  Directions  for  deterniining 
the  •p.  gr.  d'gasea.  {Ann.  Chim,  /%».  33,  34 Ij  also  Poff^.  25,  S36;  alM 
Ann.  Fharm.  3,  69.)     Mitacherlich'a.  {Poffff.  20,  198.)] 

C,  Quantity  of  Heat  in  Ga»a. 

The  quantity  of  rotnhiued  heat  ia  gasea  varies  according  to  the  natura 
of  the  ponderable  hody,  and  likewise  accordiag  to  the  preeaure  to  whicil 
the  gtu  is  subjeetod. 

a.  Aceonlhiff  to  tkf  Naitire  oftjie  Fond'Talk  Jiod^. 

The  quantity  of  combined  heat  in  the  mnre  permanent  ga^s  can  only 
be  ftpproxiinatciy  determined  frotn  the  development  of  heat  which  takes 
place  in  the  chemical  coinbinntion  of  their  ponderable  eletneats  Tfith  othei 
substances  to  form  non-gaeeoiis  compounds; — tliia  dcvelopmout  uf  heat  is,  1 
however,  partly  due  to  the  act  of  chemical  combination.     The  quantrtv  ufl 
heat  set  free  in  the  absorption  of  acid  gases  and  ammonia  by  water  being  | 
hut  Fmall,  it  would  tseem  that  these  gases  poeeess  less  heat  of  fluidity  thtuij 
v£i[)our  of  water  and  some  other  vaponrs.  | 

The  quantity  uf  heat  in  vapours  is  found  by  conducting  a  known 
weight  of  the  vapour  (produced  by  boiling  the  non-gaseous  element  in 
a  retort)  through  a  worm-tube,  or  into  a  receiver  earruuudeti  with  a 
known  quantity  of  water — or,  in  the  cuee  of  vapour  of  water,  directly  into 
the  water — and  observing  the  increase  of  temperature  prodnced  m  tha 
water  by  the  condei]¥atifin  of  the  vapour.     This  increase  of  temperaturaj 
(expressed  in  dptfrecft)  multiplied  by  the  volume  of  water  in  the  leceiveil 
(the  weight  of  tl«o  condensed  vapour  being  assumed  :=  1)  ie  equal  to  tb* 
heat  of  fiuidity  stet  free  by  the  condeoaatiuu  of  the  gas,  +  tho  decxeaf^ 
of   temperature  which    the   condensed    matter    undergoea  from  its  boil- 
ing point  to  tho  temperature  exhibited  by  the  water  at  the  end  of  ibe 
experiment.^Pcrsoz  {Chim.  molec.  250)  heats  the  liquid  tu  its  boiling 
point,  and  then  drops  it  with  a  pipette  upon  inercury,  the  tcniperaturo  *if^t 
which  is  about  5(J    aliove  tho  boiling  point  of  the  liquid,  till  the  jnercury  H 
is  nearly  cooled  down  to  that  point,- — and  determines  the  quantity  uf  beat  ^ 
which  has  hpcomo  latent,  by  observing  the  temperature  of  the  m«!r*iiry 
before  and  after  the  experiment,  the  quantity  of  the  raorcLiry,  and  that  nf 
th«  liq^uid  evaporated. 


TtAle  o/tkt  Latent  HfM  of  Vapouri. 
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Column  A:  Kanioof  theBubstanco. — B:  Itsspecificgravity  in  the  liquid 
or  solid  state. — C;  Numlier  of  degrees  centigrade  above  0°  winch  the  vapor- 
iied  body  would  exhibit  at  ita  boiling  point,  if  none  of  tho  beat  were  ren- 
dered latent, — -D;   Deducting  from  this  the  heat  required  to  raise  the  sub-i 
st&nco  from  0^  to  its  boiling  point,  the  remainder  is  the  quantity  of  latent/ 


LATENT  HEAT  OF  VAPOURS. 


1%  11m  *Jipottr  at  the  boiling  point. — E:  Number  of  degrees  by  wbioh 

tin  tcDiporature  of  water  Bt  0'  would  be  raised  by  tbo  tjuantity  of  hest 

ffaL  ilie  8ame  weight  of  Taporized  matter  at  its  boiling  |>oint  vrould  give. 

up,  if  ii  were  to  lose  its  gaseous  conditton  and  be  cooled  down  to  0*.-^F; 

Till!  fame  after  deducting  tbe({uantity  uf  heat  required  to  beat  the  eabstinice 

itvm  0'  to  its  boiling  poiat,^ — and  fuuQd  by  multiplying  the  epecific  heat 

ky  tlie  number  of  degrees  at  which  tho  boiling  point  is  fixed.     This 

»lmnn  F  serves,  therefore,  for  comparing  the  quantities  of  latent  heat  in 

liiffcrest  TS|xirizcd  substances.     If  the  uuDibera  in  CDlumiia  E  and  F  be 

•liyided  hy  the  speciiio  beats  of  the  respectiTO  substances,  the  <jiiotiente 

*^ill  g^ivo  thw  nuoibera  in  columns  C  and  D:— tliese  numbers  might  be  tib- 

'^^iifd  directly  by  expeTinient  if  the  vapours  of  the  several  stibstancoa 

*'efB  parsed,  not  tljroufjh  water,  but  through  the  bodies  from  which  they 

**erf8pectivoly  formed,  e.  tj.  vapour  of  alcohol  through  cold  alcohol,  &o. 

■"~-C:  name  of  the  observe*". 


D 


Atiier 


.Ja^e  acid 

itwD  of  ammonu  . . 
ted  Dilric  idd    ., 


EAer 

GQ  of  tarpendoe,  rect, 

Roek-oU  .,..,,,,,,, 
Sdpliuret  fif  oubon  . . 


1-0000 


10007 
0-9T» 
1-495 
0-793 

0-81 5 
0-825 
0'715 
Oncletenniiiett 

0'S;2 

andctermined 


410-7 


331-9 


2&3'3 


Rumford 

Clem.  DesonnM 

Ute 

Despretx 

Wutt 

Urt 

Ura 

Ure 

Desprelie 

Urc 

Dcspretz 

Ure 

Dnpretz 

Uro 

Gay-Lii93flc 

Ure 

D«f{iretJ 


The  qnantitiea  of  beat  required  for  yaporizatton  appear  to  be  to  ooe 
another  nearly  in  the  inverse  ratio  of  the  deuHitiea  of  tho  vapours  pro- 
duced, and  therefore  alao,  in  some  measure,  of  tho  atomic  weights  of  the 
correepoiiding  iiub«tiince<i:  for  on  multiplying  the  latent  heat  of  a  vapour 
by  iU  Bjiecilici  gravity,  we  obtain  a  Bet  of  numbers  nearly  eipial  to  on© 
anuther.  If  tho  lute^nt  heat  belnngiu^  to  the  JKulwiance  In  its  liciuid  state, 
wbi<?h,  however,  is  knowa  ouly  in  the  case  of  water,  were  added  to  tha 
vther  portion  of  latent  heat,  a  more  exact  coincidence  would  porhapa  be 
obtainerl, — Thin  law,  however,  dooa  nut  yet  agree  with  the  resuttii  of 
tipririmetit  sutHciently  well  to  etttiilc  it  to  be  coneidereil  aa  cstabliehed, 
(Vvtnp.  Th,  Hauiisure,  >.  GfhL  i,  97;  also  GUb,  29,  126;  Ure,  rh.  Tram. 
1818,  p.  8a5;  alao  AUw.  as,  360;  Desprets,  Ann.  C'Aeui.  Fhyt.  24, 
328.) 

H.  1  eubjoin  tho  following  tabic  of  the  latant  beats  of  vapours 
Tceenlly  detormined   by   tbo  experimeuta    of   Fnvre    and    SilbermaDU 


(ComptfM  rtTidn*,  23,  524),  imJ  altKi  of  AniliQws  (^.  J,  ofChem.  Soc  1, 

27).     1. 


Subtbuiee. 


Water 

i>        ■'* 

Braniine , .  , ,  , , 

Protachloride    of  ptiM' 

filiorui 
Buuljiburet  Of  carbon 
Bicliluride  oftiu    .... 
Alcohol  * ,,,,,. 

WQ«d~ipirit 

ri  ........ 

Fuscl'ail 

Ether-..,...,. 

pi    .,.••«.,..,... 
Amyllc  ether .....,., 

Aeetif  acid. , 

Formic  acid   


Ut  Heat 

at 
Vapour. 


S37  18 
535-90 

536-6  r 
i5-60 
51-42 

86-67 
3-0a3 

2oa-3i 

202-^0 
263-86 

263- ro 

121-3? 

91-11 

90-45 

£<9'4a 

lOI'Ul 

120-72 


Ob«. 


FS 
K 

A 


PS 

A 
FS 

A 
FS 

A 
FS 


ObseiTcr. 


Valenanic  acid 

Butyric  sdd ........  , . 

Aoettc  ether 

Acetate  of  metbjl     .... 

Poraiic  ethtr 

Pormiate  of  aethjl . , , . 

Iodic  ether 

lodidi;  of  methyl  ...... 

Oxalic  etber 

Batfrate  of  metli]>l  .... 

Ethal 

Oil  of  turpentine 

Tetebene  ............ 

Oil  ofleinoiM 

Hydrocarboiu  ....,,.. 
(fl).  Ci»H-'(B.P.198') 
(i)-C'»H"(B.P.255'^ 


Lat.  Hft 

at 
Vopoui 


103-.'i2 

114-6? 

IO&-SO 

92-68 

110-20 

10530 

117-10 

46-87 

4607 

72-72 

8  7 -3* 

5B-44 

68-73 

67-21 

70-02 

59-9 
&9-7 


Obi. 
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6,    Aeoordm^  to  Oie  stutt  in  wki<h  one  and  the  same  vapour  aciatt. 

A  given  quantity  of  saturatcJ  vapour  of  any  eubstance  always  cou- 
taliis  the  same  t&tal  quiiTitily  of  heat,  wLatcvcr  may  be  the  pressure  to 
which  it  is  subjccte^l,  and  whatever  may  lie  '\t^  elasticity  and  tempera- 
ture: but  of  the  heat  thus  contained  in  it,  the  quantity  existing  in  the 
combined  state  increases  as  the  pressure  on  tiie  vaiMjur  diminigbes,  and 
eonacqnently  as  ite  temperatnro  falts, — while,  on  the  contrary,  the  quan- 
tity of  free  or  nncombiued  heat  increases  as  the  pressure  la  increased,  und 
coiiseqiionlly  as  the  vapour  becomes  hotter.  (Sharpe,  MancA,  Mem. 
1813;  also  jlnn.  Phil.  13,  302.  Clement  it  Desormes,  Tfiemrd^  TraiU 
de  Chimit,  oJ.  4,  1,  81.     Pambour,  lustitut,  Nr,  256.) 

One  pound  uf  saturateil  aqueous  vapour,  at  any  temperature  whatever, 
forms,  ivitb  5j  lb.  of  water  at  0',  CJ  lb.  of  water  at  100^,  t.  f.  the  vfipnur 
parts  with  550'  of  heat,  io  onler  to  become  I]<p]id  water.  Such  is  tbo 
case  with  aqueous  vapour  of  100°  C.  and  a.  tensiop  =  1  atmosphere, 
aqueoM  vapour  of  152"  C,  and  a,  teneion  ^  ■!■  atmo.'^pberep,  and  aqueoua 
vapour  of  various  other  temperatures  and  tensions.  (Clement  &  De- 
sormes.) The  vapour  of  water  contained  iii  the  atmosphere  at  0°  con- 
tain^ C50'^  of  eoiiibined  heat.  The  temperature  and  elasticity  of  vapour 
of  water  increase  as  its  volume  diminisUe.*.  In  a  vessel,  whose  eitlea 
would  permit  neither  ingress  nor  egress  of  heat,  saturateil  vapour  nf  water 
at  100"  might,  by  enlargement  of  the  *p.ace,  be  converted  into  cold  vapour 
tiflow  Icusion,  and,  by  continual  nnrrowiny  of  tiie  space,  into  very  hot 
vapour  of  high  tension,  without  any  liquefaction  taking  place  iu  the 
latter  case  (uulesa  the  space  were  to  become  too  Bintill  td  itllow  of  tlio 
water  existing  in  the  gaseous  elate). 

Eatiinating  the  latent  heat  of  vapour  of  water  at  lOO""  C.  as  equal  to 
550^  C.  (090^  P.),  and  the  free  heat  ~  100'  C.  (180"  F.).  we  have 
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ta  VapAur  of 

Free  He»t 

0* 

0' 

SO 

SO 

100 

100 

150 

190 

200 

ZOO 

£50 

2sa 

) 


Latent  Hest,  togettier. 

650- 

mo 
soo 

450 
400 

At  650°  (1202'  F.),  m  more  of  tho  heat  could  exist  in  the  latent 
tt»te.  This  teniiwraturo  probably  corresponds  to  a,  degree  of  eiternal 
praasare  at  wliicli  the  espansion  of  water  iuto  vapour  becomes  impossible, 
and  beyond  which  alt  the  heat  remains  accuuiulatetl  id  the  water  m  the 
tnc  etat*.  Aqueous  vapoar  below  0"  would  contain  so  many  more 
degrees  uf  latent  beat  aa  its  temperature  was  under  C;  e.  g,  vapour  of 
W»t«r  at  —  20°  C-  would  contain  670^  of  latent  heat. 

%.  Tli€  law  Jast  stated  is  commonly  known  a^  Watt's  law.  Accord' 
ing  to  Southern,  on  tlic  contrary,  the  heat  obtained  by  subtracting  from 
the  total  heat  the  sensible  heat  indicated  by  the  thermometer, — or  that 
■*rhicb  is  ordinarily  called  the  latent  heat  of  evaporation, — remains  con- 
stant. The  late  elaborate  researches  of  Itcgnault  have  shown  that  liotb 
^ese  laws  are  incorrect.^ — Supposing  the  rctatiuu  between  the  total  quan- 
'ftity  of  heat  and  the  temperature  to  be  developed  in  a  aeries  of  ascending 
powers  of  the  temperatures,  that  is  to  say,  of  the  form: 

K~A  +Bf  +  a-'+Z>f>+  ... 

~A,£y  C  ..  being  constants,  the  law  of  Watt  would  be  expressed  by  X=:ji, 
^Regnault,  on  tho  contrary,  finds  that  the  law  may  be  represented,  within 
^«  limits  of  error  of  experitnent,  by  A  =  /I  +  Bf, — and  bo  obtains  for 
Ji.  and  B  the  values,  A  =  006'5,  B  =  0305;  so  that  tho  formula  for  cal- 
volaling  the  total  i^uautity  of  beat  in  Bteam  at  dilFercut  teuipcraturca 
lecomes 

A  =  606  .I  +  0-30.5 «. 

Calculated  by  this  formula,  the  preceding  table  becomes: 


In  Vapour  at 

Free  Heat. 

Latent  Heat. 

Siim» 

0" 

0° 

606-& 

606-5 

SO 

50 

571-7 

«21-7 

100 

100 

53?0 

637-0 

150 

150 

502-2 

652'Z 

200 

aoo 

167'5 

e67& 

2M 

250 

f30-25 

6B2-7 

[Vid,  Worh  of  the.  Cavenduh  Soctettf,  Vol.  I.  p.  294.]     IT. 
D.     Liqu^adion  and  Solidi/cation  of  Gates, 
a.     Liquefaction  hff  ejctemal  preature  and  cooling, 

SincQ,  according  to  the  preceding,  every  gas  takes  up  a  greater  spaee 

tbui  ibe  liquid  or  solid  matter  out  of  which  it  is  formed,  it  must,  when 

^1«p»co  which  it  oc<;upies  is  contimuilly  dimiuiabcd,  ultimately  lose  ita 

jDoiis  fonn,  and  be  thereby  deprived  of  its  beat  of  Huidity. — If  the  sides 

"^  the  vessel  coulJ  bo  bouted  from  without  at  exactly  the  same  rate  as 

fte  j»an  bernmos  liotl'jr  by  coiii|ires».ton;  or,  what  comes  to  the  same  thing, 

if  [.reHsion  coul'J   be  produced  in  a  vessel  impervious  to  beat, 

jH  ,  would  not  take  place  till  a  very  considerable  external  pres- 
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rd  WM  esttteJ,  6t)ffiei«nt  to  diminiBh  ihe  epuw  within  liinits  no  ]ong«f  <| 
compatible  with  the  existence  of  tlie  gaseoua  form.  Under  ordinary  cii 
CQtnstances,  however,  the  sides  of  the  vesae)  retain  their  former  temper 
tuTO,  and  consequently  deprive  the  gaa,  whose  tcmperatare  hae  been 
raised  by  compression,  uf  1(8  excess  of  heat;  hcuee  the  Itquefaetion  U 
offected  ov  a  much  smaller  pressure.  The  gueous  particle.s,  cooled  down 
by  the  sides  of  the  vessel,  and  thus  rendered  less  elastic,  are  presKd 
tugether  by  the  rest;  andj  according  to  the  contraction  of  the  sp&ee,  there 
remiilnA  either  no  gaa  unoondensed,  or  a  tjaantity  who«e  deiuitj  utd 
elasticity  are  in  aocordacico  with  the  cxistiDE  temperatnre. 

Bodice,  n^'hen  not  prevented  by  externu  preuure,  or  perhapa  in 
eases  by  cohesion,   appfar   to  bo  Gap9,ble  of  combining  with  heat,  ai 
formiDj;  gaji,  even  at  the  lowest  known  temperature*:  hence  it  ia  pr 
bably  impossible  to  prodace  liquefaction  by  cooling  alone.     Aocoidinglj 
most  liquefactions  of  gases  are  effected  by  the  joint  action  of  cooling  and 
preesure.— The  smaller  the  athnity  of  the  ponderable  substanoe  for  heftt^l 
or,  in  other  worJa,  tl»e  less  the  efasticity  of  its  vapour  at  the  same  tom-^ 
peratnre,  the  emaller  ia  the  amoant  of  external  pressure  and  cooling 
required  for  destroying  its  ga;8eotia  oonditiou.     Thuii  vapour  of  water  at, 
100""  C,  at  which  temperature  its  elasticity  £=  O'TG  met,  of  mercury,  ii 
liquefied  by  &  pressure  somewhat  greater  ttan  0'70  metro;  and  at  0",  mt 
which  its  tension  =  000476  M.  by  a  pleasure  somewhat  greater  thaQ^ 
that. 

Almost  all  the  more  pennancut  gases  may  bo  liqnpfied  by  preasni 
and  cooling.  Monge  &  Clouet  liquefied  BulphqruiiB  acid  gas  by  coolingji 
(}i)ytun  Alorvcau  liquefied  animouiii,;  and  Stromeyor  arscoiurettcd  iiy'l 
drogen  gas  by  eiraihir  lueans;  but  these  experiments  were  disrcgnrdedJ 
and  tlieir  results  partly  attributed  to  the  presence  of  email  quantities  of 
water,  till  Faraday  {PhiL  Travmct.  1 S23,  ICO  and  \  S9;  abo  A'twCii.  A  >xhiv^ 
I,  97),  partly  in  conjunction  with  Sir  Humphry  Davy,  made  known  th< 
mode  of  liquefying  a  considerable  number  of  gases. 

Faraday's  Usual  mode  of  proceeding  is  a£  follows.  He  introdaoes  tli4 
liquid  required  for  generating  the  ga^  into  the  shorter  and  closed  arm  ot 
a  strong  glass  tube  bent  at  an  ungle,  places  over  it  some  foItleJ  platinum 
foil,  fills  the  longer  arm  with  the  solid  substance  from  which  the  gn«  ia  ttk'j 
be  developedj  seals  the  extremity,  raises  the  shorter  arm  so  that  th« 
liquid  tnay  run  down  amongst  tue  solid  matter  and  act  upon  it,  nni] 
then,  after  leaving  the  tube  to  itself  for  a  day  or  two,  dips  the  short*! 
arm  into  a  freezing  mixture,  and  the  longer  arm  into  warm  water:  tlic 
liquelied  gas  then  collerta  in  the  shorter  ami.  For  carbonic  a«id,  tfa« 
materials  arc;  oil  of  vitriol  and  carbonate  of  ammonia;  for  sulpburetted 
hydrogen:  contsentrated  hydrochloric  acid  and  protosulpymret  of  iron;  for 
oxide  of  chlorine:  oil  of  vitriol  and  chlorate  of  potai<h;  for  hydrochloric 
acid:  oil  of  vitriol  and  sal-ammoniac.  In  cases  in  which  the  development 
of  gas  does  not  take  place  without  the  application  of  heat,  Faraday  putaJ 
the  whole  of  the  ingredients  into  the  longer  arm: — for  sulphurous  acid :l 
mercury  and  oil  of  vitriol;  fur  cyanogen;  cvanido  of  raereury;  for  am- 
monia: ammonio-chlorlde  of  silvcrj  for  chlorine:  hydrate  of  chlorine. 
Oxygen,  hydrogen,  nitrogen,  nitric  oxide,  phosphuretted  hydrogen,  aod 
fluoride  of  silicon,  Faraday  did  not  succeed  iu  liquefying. — Niemann  {tir, 
AroJiiv,  36,  175)  places  the  ingredient*  in  a  g!a«  tube  scaft^il  at  one  end, 
bends  the  tub«  at  an  acute  angle  about  8  or  10  inrhes  frnin  the  aaal«a 
end,  ami  after  scaling  the  other  end,  ooob    '  .lui,  tlt«  b<ii<rlli  nfj 

which  is  only  2  or  3  tncfaea,  IgJMJUy  '  ^<^t«r,  whil« 
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lon^r  %rm  ig  hsatixl  by  the  etin,  or  by  water  at  teDiperatures  between  30" 

mnd  38^  The  tubatniist  ba  very  strong,  and  should  not  he  etruf^k  hard  or 
touclied  with  Band;  for  aa  lon^  Wf  the  dcvelopitient  o(  gas  ia  going  ou,  the 
danmr  af  bursting  is  eoiitioually  on  the  incro.iat:'.  The  buretinv  is  »t- 
loadiNt  with  violent  detoimtioa,  the  tube  beiun;  ofteu  split  into  innu- 
OMRkble  fragments  {Nieraann),  Hence  it  is  nooeeearj  to  wear  gloves  &ad 
•  maak,  with  thick  glasses  bc-furo  the  eyes. 

BtUBy  effected  tlie  liquefaction  of  chlorine,  cyaoogoti,  and  anituouii(ca>l 
gut  mt  a  pressure  but  little  superior  tu  the  ordinary  prcBsuro  of  the  atmo- 
ftpbere,  by  traD.4mitting  thetje  ga^es  through  a  tube  closed  witb  mercury, 
widened,  and  covered  with  cotton  at  one  part, — while  sulpliurous  acid  waa 
tiropped  upon  the  cotton,  and  a  stream  of  air  directed  on  it  {p.  274). — 
liese  gases  may  likewise  be  condensed  in  a  freezing  niixturo  made  with 
tride  of  coleinm, — A  tube,  in  which  solid  carbonic  acid  has  been  sealed 
id  found  to  contain  nothing  but  gas  when  heated,  while  liquid  car- 
bonic *cid  makes  iia  appearance  la  the  cold.     (Mitchell) 

T  Faradar  has  lately  succeeded,  by  the  use  of  more  powerful  nieana, 
in  liquefying  all  the  know'u  gases,  with  the  exception  of  oxygen,  hydro- 
gen, nitrogen,  nitric  oiide,  carbonic  oxide,  and  coat-ga«, — and  soliilifying 
a  great  number  of  them.  {Pkit.  Trant.  1845,  I.  170;  abatr.  PhU.  Mag,  J. 
94^  253.)  The  method  adopted  was  to  subject  the  gases  tu  the  joint 
aetioti  fjf  powerful  mechanical  pressure  and  extreme  cold.  The  first 
object  wa«  attained  by  the  eacceusivo  aetioD  of  two  air-pumps,  the  first 
baring  a  piston  one  inch  in  diameter,  the  eocond  ouly  half  an  inch.  Tba 
first  produced  a  pressure  of  about  20  attnoaphores,  the  second  increaeeil 
it  to  upwards  of  50.  The  tubea  into  whiob  the  gna  thua  condensed  waa 
made  t*t  jmiss  were  of  green  bottle  glass,  from  |  tu  j  of  an  inch  in  external 
and  had  a  curvature  in  one  portion  of  their  length  adapted  for 
n  in  a  freezing  mixture.  The  mixture  employed  consisted  of 
cstrlKinie  acid  and  ether.  The  cold  produced  by  it  amonnted  to 
—  lOtt"  Fab.  in  the  open  air,  and  —  1C6^  Fah.  under  the  exhausted 
l«oeir«r  of  the  air-pump. 

Uany  ga«c«,  when  subjected  to  this  eitremo  degree  of  oold,  were 
Itqaefietf  without  the  use  of  the  eunden«ng  apparatus"  this  was  the  ease 
with  uhlurinc,  cyanogen,  ammonia,  Bnlphuretted  hydrogen,  anaeniuretted 
hydrojron,  hydriodic  acid,  hydrobromie  acid,  carbonic  acid,  oleliant  gas, 
nitruuH  oxide,  and  uxidc  of  ehlnrine.  Fluoride  of  silicon  liquefied  at  a  pres- 
mirw  of  y  >itmo8plieres.  The  following  wore  solidified  when  subjected  to 
the  fiction  of  tho  carbonic  acid  liatli  i«  vncno:  Hydriodic  acid,  hydrobromie 
aeid,  wulphuroua  acid,  sulpburottod  hydrogen,  carbonic  acid,  oxide  of 
chlorine-,  cyanogen,  ammonia,  and  uitrcmg  oxide.  Fariwliiy  suggests  tho 
Mnpluynieiit  of  solid  nitrous  oxide  mixed  with  ether  as  a  means  of  pro- 
Juoing  a  lower  temperature  thnn  any  yet  observed.  Tho  following  pa>ies 
did!  not  solidify,  even  at  the  lowest  temperature  that  could  be  obtained: 
Ol*lianl  ga.*i,  fl(»onde  of  silicon,  fluoride  of  boron,  phoaphuretled  hydrogen, 
hydrfifbloric  acid,  and  arseniuretted  hydrogen. — The  six  ga-soa  raentioacd 
at  tin?  commencement  of  the  preceding  pamgrapb  Bliowed  no  signs  of 
litpKifaetion  when  cooled  by  tho  carbotijo  aciij  bath  m  vaaw:  liydrngen 
■ad  oxygen  at  27  attiiosphoreB.  nitrogen  and  nitric  oxide  at  50,  carboulc 
OKid«  at  40,  aud  coal-gas  at  3i  atmosphercB.     H. 

Ever}*  H'luid  may  be  rcgardoil  as  a  condensed  gn*.  pnevojited  by  pre«- 
•ttM  fn>ui  t^xpiiciding  it«elf  iu  tlto  ga.e>eous  furm,  but  still  retuiuing  u  pur- 
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Ititn  of  iu  ktent  he&t,  wblcli  probably  bears  a  simplo  relation  to  the  vha 
qtUAtity  of  Intent  beat  existing  in  tbe  ga^.  In  an  empty  eipare  of  itifinit^l 
extent,  all  auliU  bu<lies  would,  at  all  t^iupersturea,  bo  converted  iDto  £&% 
TTttiiout  previausly  nielting;  but  when  the  empty  space  is  of  litoitCMi 
extent,  it  becomes  fillnJ  wjtb  t!ie  ^s  tbat  ie  formed;  and  this  gas  ex«to 
A  preseuro  on  tbe  remaiuitig  portion  of  tbe  solid  body,  and  renders  it 
capablo  of  fuaias. 

The  decomposition  of  a  gas  by  cooling  or  pressure  is  always  atteude 
with  tUu  formation  of  a  Cloud.     This  cloud  is  a  raiitnre  of  tbe 
dctiswl  gas  with  the  very  finely  divided  liquid  or  solid  particles 
B^parale  from  the  ga&,  and  produce  cloudinee,"  by  irregpular  reftactid 
light  or  by  their  opacity.     When  these  particles  are  solid,  the  cloud 
6oinctinie3  designated  by  the  term  Fum^. 

DanicH's  i*>ulphuric  Ether  Ht/ifrometer  (Qu.  J.  ofSc.  1820;  also  Gil 
65, 169  aud  403)  simplified  by  Dobereincr  and  Kornor  {Gili>.  70,  13.^  nai 
130)  and  improved  by  Adic  (A".  Ed.J.ofSc,  1,  CO;  abstr.  Schtr.  .'6,  45^*} 
depends  for  its  action  on  the  condensation  of  tbe  aqueous  vajiour  coH'^ 
tuitted  in  the  air  by  cooling. 

SiiliHmaiion  and  Distillatimi  depend  on  the  conversion  of  a  £ubftan«e 
into  vapour  and  tlio  condensation  of  tbe  vapour  in  another  part  of  the 
apjtaratus  by  cooling.  The  object  of  both  these  operations  is,  for  tbfi 
rnoet  part,  to  separate  an  easily  vaporised  body  from  one  which  is  lees 
,.¥olatilo.     The  former  is  converted  iuto  vapour,  while  tbo  latter  renuui 

the  residue  of  the  sublimation  or  distillation, — the  so-called   C<ip 
norluum,  or  iu  the  case  of  its  beiup  liquid,  the  Phlegma,  &c.  of  th« 
older  chemists.     Tho  operation  is  called  SuhUmation,  when  the  vapour 
cnnJucted  iuto  the  colder  part  of  the  apparatus  condenses  into  a  solid  a«l>- 
stance,  aud  D'tiUU<ition,  when  the  vapour  is  converted  Into  a  liquid.     In 
both  operations  the  body  to  be  vaporised  h  enclosed  in  an  AlenAk,  Ftatk,, 
or  Hetort.     On  the  top  of  the  alembic  or  flask  is  fitted  a  Utad;  and  thia 
during  the  diijiiilation  is  nftcu  connected  with  a  Cooling  or  CoKd^tuing 
Tubt  which  pa^es  into  the  Jieceivtr:  when  a  retort  ie  used,  the  vapoo^ 
passes  throngh  the  neck  into  the  receiver,  which  is  kept  cool,  and  tuer 
condenses,     A  tube  widened  in  the  middle  is  often  placed  between  the 
receiver  and  the  neck  of  the  retort.— The  vapours  may  also  be  conducted 
from  the  retort,  tbe  fiosk,  or  the  head  of  the  alembic  through  a  ^»se 
metal  tube,  and  there  they  may  be  condensed  either  in  the  manner  rpcom-i| 
mended  by  Liebig,  vii!.,  by  XVeigels  Condeimng  Apparatut  (Taschenl 
1794,    12y),    in  which   the  tube   is  surrounded   with  a  metal   cylinder, 
through  which  cold  water  is  continually  flowing  in  a  direction  contrary  to 
that  of  tho  vapour — or  else  by  surrouiiding  the  tube  with  bibulous  pap     ' 
or  linen  kept  moist  by  water  constantly  dropping  on  it. 

Vaponr,  condensed  into  a  solid  body  forms  a  SitblimaU;  that  whic 
condenses  to  a  liquid,  a  DtslUtate,  When  the  latter  is  subjected  to 
second  distillation,  to  free  it  still  further  from  loss  volatile  bodies,  tho 
operation  is  called  Jitciijifdticm:  by  Cohabation  is  meant  the  dii^tillation  of 
the  distilled  product  after  it  has  been  poured  back  either  on  what  remains 
behind  or  on  fresh  material. 

Since  vapori»ation  proceeds  very  rapidly  in  vacuo  even  at  low  tcmpe-^J 
ratnres,  so  likewise  does  di.'^^illution  go  on  very  4|uickly  at  low  lcmpora^| 
turcs  when  tbo  apparatus  is  exhansted  of  air,  provided  the  receiver  be 
kept  colder  than  the  retort.  If,  on  the  other  bond,  the  appiaratua  be  full 
of  air,  the  substance  must  be  heated  to  the  boiling  jioiut;  nlherwise  tha, 
distillation  will  Iw  very  slow.     It  will,,  however,  be  understood  from  wh 


MQUEFACTtON  OF  GASES. 


209 


Was  said  on  page  28a,  that  the  <iiiantUj  of  lieat  expended  in  tlie  furma- 
tioo  of  vapour,  is  tlie  eamn  wbetlier  llie  vaporization  tiikea  place  in  vacua 
or  in  &  8pac«i  filled  witL  air,  and  at  whatever  toniperature  tlie  vaponr  may 
be  formed. 

Wbeii  a  volatile  li([uid,  like  ether,  is  to  be  kept  boiling  for  a  consi- 
•letuble  (ime  iu  cotitact  witb  anutlier  substHnco  without  allowing  any  of 
it  U>  escape,  a  glrias  tube  open  at  bntli  ends  is  attacbed  to  the  fla^k  and 
kept  eool  with  water  by  nieanH  of  Weigel's  condensing'  appamtua,  or 
oterely  surrouniled  with  moietened  paper,  so  that  the  vaponr  which  rises 
inio  Vtiv  tube  may  be  condensed  and  run  back  into  {he  Snsk.  Mohr's  ap- 
psratns  (Ann.  Pftarm.  18,  232);  also  Carrio!  and  Hertbemot's  apparatus 
(J.  Pitnrm.  U,  112). 


1 6.     Liquefaction  w  Solidi^aiion  h^  the  AJiiv't^  of  Ponderable  Bodies  for 
the  Poitdarcthle  Banc  of  the  Gag. 

If  any  ponderable  body,  whetlier  it  bo  in  the  solid,  liijuid,  or  gaseous 
has  a  stronger  affinity  at  the  given  temperature  for  the  ponderable 
BtAnce  contained  in  a  ^;m,  llian  heat  has  for  the  same  6nl>slancc,  and  if 
llus  slrongtr  affinily  is  able  to  exert  itself  (pp.  3fi  ..  3S),  the  two  ponder- 
able  substances  combine,  and  the  latent  beat  of  the  gaa  (or  of  both  ^ases, 
.V  tlie  witie  may  be)  is  rendered  suneible,  provided  the  new  compound  \& 
nt>t  itself  gaseous. 

To  thrt  case  belongs  tba  eonJensation  of  oxygen  eaa  by  the  combiiia- 
lion  of  oxygen  with  bydroj^eu,  bonm,  phospborne,  selenium,  and  metals; 
that  of  chlorine  by  combination  with  pbuspburu.?,  ecteuium,  iodine,  and. 
metals;  of  acid  gases  by  ammoniaciil  grif*  and  many  other  salifiable  bases; 
n(  all  gaees  by  water,  alcohol,  and  otlier  liquid!},  of  aqneous  vapour  by 
acid»,  Sill  ifi  able  bases,  salta  and  other  bodice;  of  alcohol  and  ether  vapours 
by  water,  oil  of  vitriol,  fat  oil,  or  camphor,  &c. 

When  aqaeoaa  vapour  at  100"  is  brought  into  contact  xvith  pulvcriaod 
ttlta,  citric  aeifl,  hydrate  of  potash,  or  sugar,  these  substances  absorb  port 
of  tlio  water  and  form  a  sniatioii,  tbo  teiiipcralure  of  which  is  eeveral 
degrcea  above  100",  and  approaches  very  closely  to  the  temperature  at 
which  the  atjueous  ^itlutioiis  of  these  substances  boil  (p.  26.')).  Thus  also 
»Ic*hol  vapour  ni  833°  raises  the  temperature  of  chloride  of  calcium  t<* 
89*.  (Faraday,  Ann,  f'him.  Phtfs,  20,  320.)  Aqueous  salutiona  of  acida 
uid  saltfl  enclosed  tiiK*'t'i*^r  ^''^li  water  in  a  vessel  full  of  air  at  the  ordi- 
nary temperature,  absorb  so  much  the  more  vapour  of  water,  aa  their 
boiling  pi>!nL6  arc  higher;  Bolutious  of  different  subetancea  whose  boiling 
points  are  tlio  eanie  nftcn  absoib  eipial  quantities  of  aqtieous  vapour. 
(Omiiam,  IiJdinfj.  J.  of  A'c.  »,  ^20.) 

HoTitdtirft  Ev(ryoraliii(j  licfrivtr,  {Poffff,  15,  G04.)  A  basin  filled 
"■ith  oil  of  vitriol  is  placed  on  a  large  glass  plate,  a  number  of  cup-«bapoil 
^la»!^>i  arranged  in  the  haain,  and  on  tbo  top  of  these  above  the  oil  of 
vitriol  are  placed  dishes  containing  the  Mijuid  to  be  evaporated.  A  •jla.'s 
bdl  jar  is  inverted  over  the  whole,  and  kept  close  to  the  plato  by  means 
of  grca*©.  The  evaporation  goes  on  gradually  at  the  ordinary  pre**uro 
UnTtemperaturo. 

n,,.  iLvijrometer  of  De  la  Rive  {BidL   ttniv.  2«j  285)  ia  founded  on 

1  degrees  of  temperaturo  indicated  hy  a  tlicrmometer  expoft^ 

.(or  immerBiun  in  nil  of  vitriol — the  rise  of  tenipemtiire  being 

.  the  condenfalioii  of  tin-  aijncous  vapour  iu  the  air,  and  vnry- 

.- ....  ;..i  degree  of  hnmidity.     It  ha-*  however  been  ebown  by  Cay- 
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Lusaac  (Ann.  C&im  Phj/t.  30,  89)  that  the  (leusily  of  the  air  ltkevrt« 

itifluetices  the  rise  uf  tcm|>eriitlire. 

Wotilft^'t  Apparutu*.  To  cause  gaaea  to  combine  with  U<][iiid3.  tliey 
are  conducted  by  means  of  tabes  twice  bent  at  right  angles,  from  tlio 
fla«k  or  retdrt  in  which  tboj  are  generateil,  through  a  number  uf  botttet, 
W^oul/ei  Bolilei,  vrbich  are  furnished  with  two  or  three  opeoimg*.  The 
lifjaid  contained  in  these  buttles  abaorbti  the  gad  as  it  enters  in  single 
bubbles.  To  prevent  tiio  liquid  from  passing  back,  the  third  opening 
fitted,  either  with  a  etmiirht  tube  open  at  both  ends  and  dipping  inlt>  tl: 
liquid,  or  else  with  a  Wdiert  S*tf«t}f-tvh«,  i.  ft,  a  tube  twice  beut,  andt'] 
having^  in  the  middle  u  hull  uoutainiog  water, 

Deffreea  of  Incandeacfncf,  aceorelinff  to  Pouillet, 

525°:  incipient  redness;— 700^:  dull  red;    800°  commencing  cher 
red;  ftOO"  brighter  cberry-rcd;  1000^  full  cherry-red;  1100'^  dark  yellowifi 
red;  12Ut>   bfifjht  ignition;  1300'  while  heat;  141)0"  strong  white  beat;| 
1500".. .  1600'  daisliug  whito. 


Melting  PoiiUt, 


Carbonic  acid  . . . . 

Ether   

Mercury 

Oil  of  vitriol  , . . . 
Brotuiue  ..,...., 
Hydrocruiic  add . 
Wottr 


Ceb. 

Fah. 

-  65° 

-  85" 

-   44 

-  47-2 

-   40-5 

-   409 

-   25 

-  13 

-   20 

-     4 

-   15 

4      5 

0 

+   32 

Pho^horas 
Potusiatu  . 
Wii 

Sodium  . , , 
loduie  . . , 
Sul|)hur . . . 
Camphor    , 


CeU. 

+ 

4S'> 

4- 

h9 

+ 

67 

+ 

90 

1- 

1U7 

+ 

109 

* 

\n 

F«]. 

113' 

!36-4 

iai-6 

191 

2'24C 
228-2 
347 


—  247       — 


Chajton-Morvenu    Wedywood  & 

{Ann.  Chim.  90,          Oalton 

23C).  (Ar.Syi/.l,a4). 

Cels.  Wedff,* 

BismuUi 247 

Tin    267  — 

Lead 312  — 

Zinc ,,.,      Z74  3 

AntimoQf    ......     513  7 

Brass    

Silver 1034  22 

Copper..........    1207  27 

Gold.. 13SI  32 

CoWt —  — 

Wliite  Cart  Iron . .      —  — 

Grey          „        ..   471^3  130 

StMl _  _            — .         _ 

IffanjUkeae ..   5825  160           —       160 

Bttriron  G34G  173 

Nickc'l,   Platinum, 1 

Iridium,     Rho-|  abore  173 

AiuQi,  (lunrtx. .  J 


Duiell.       Schwarta.  Rudberg, 


CeU.   Wedg.    Cek.    Dan.t     CeU. 


239       G6 


—  —  —         —      1021     26? 


1223     319 

laSS      364 


1421      370 


—       1015      497 


260 


Cck. 

2C4 

220  229 

340  325 

000 
620 

PoaiUet.     PriMaji, 


1000 

1200 

1100 
1210 

1550 


999 
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SulphuroQi  acid. . . . 

Hydrochloric  ether. . 
Nitric  eUier. ....... 

H7dri'>cjaDic  iiciU   , , 
Sulphuric  ether  .... 

Sdlphuret  of  carbon 
Bromine.. ........ 

Alcohol  , 

Eock-oil 


10» 

1/ 

21 

20-,'i 

3j'G6 

4&€ 

47 

78M1 

fiS-j 

Water   , + 

Oil  of  turpentine 

Id  Jiue ,',,,,,,,,, 

Camphor  . .  .,,..,,,,... 

Oil  cf  vitrin], 

Phasphurmi 

Suljihur     ,.....,,,...., 

Mercury    . , , , 

Selenium  (tiearly)    .  i  , .  , , 


II.    DiSEMOAOEMEM  AKD  AbSOHPTION  OF  HeAT. 

1.     -B^f  Chcmicttt  chan^et  in  FondtraUe  Sahitaacta, 

A.  By  altertUio^n  of  the  state  of  Aggregathn, 

It  lias  alrcaJj  been  sUown  iLiit  tlie  passage  of  a  solid  body  to  the 
lic[iu(l  state,  and  tbit  wf  a  liqaid  or  eoliJ  to  the  giifieoua  state,  is  always 
acctmipauieil  by  absorpti'ju  of  beat;  and  that  when  these  aubatances  are 
hrou^Ut  back  to  their  furtuct  couditiuii,  tho  heat  ia  again  set  free. 

B.  Bif    the   comhinativn  of  Ponderahle  Bodiet  one  with  the  other,   and 
dtcompmition  nfiht  rtt.vt.Umg  OoJiipotiiids. 

.The  combination  of  ponderablo  f-ub.-stauees,  with  or  witbont  the  tie* 
ttion  of  exJBting  compounds,  is  alwayfj  accunipauied    by   diseiigflgo- 
'  Tncrot  or  absorption  of  heat. 

Tho  iHost  Btrikiiig  inataneejs  of  the  D^vdopnient  of  Iltat  ate  those 

iHiicb    ac«ompauy    the  prttJiictioii    of  light,    as    noticed    on    pago    181, 

aomely  whicL    take  placo  in  tbo  combination  of  oxygen  and  chlo- 

iwith  luc-tala  and  othtjx-  (■ombiistible  bodies, — of  bromine,  iodine,  sul- 

r,  and  pho^phoma  witb  several  tnetale;  likewise  iti  the  combitiatiou  of 

iilroDg  acidd  with  strong  galiUablo  haees,  and  in  that  of  strong  acids  and 

bases  with  water, — io  all  cases,  that  ii  to  say,  in  which  conibina^ 

is  bfwuglit  about  by  etrfjug  atHuity,  ind  in  which   the  combiaing 

arc  decidedly  oppotiite  in  ehetnical  nature. 

To  detcrniiuo  the  quantity  wf  heat  act  free  in  combustion,  the  process 

18  ina<le  to  go  on  in  a  spac*  surrounded  with  water  or  ice,  and  the  qimn- 

I  litj  of  ict]  niettcil,  Qi*  the  rise  of  temperature  in  a  given  (quantity  of  water, 

Swerved. 

Io  tiio  following  table.  Column  A  oontaina  the  name  of  tho  comhus' 

liblc  subatance; — B  ita  syinbol  or  formula; — C  the  formula  of  the  com- 

uttnd  produced  during  the  combuetion;^ — D  shows  how  many  parts  of 

are  heated  1°  by  tho  combustion  of  1  part  of  the  cumbiistibfe  body, 

I  ntimlior  of  dcgrcea  by  wliich  the  temperature  of  1  part  of  water 

ilj  be  raised; — E  tlic  name  of  the  observer;— F  ebows  how  many  parts 

[ci  wakr  nro  heated  V ,  when  I   part  of  oxyg«H  combines  with  tlic  com- 

liblc  jiubfctaiice. — If  wo  would  Bad  bow* many  unit**  of  lieat  are  deve- 

by  the  burning  of  1  atom  of  the  combustible  body,  wo  must  i!iulti]dy 

lumber  in  column  D  by  the  atomic  weight  of  the  stibstance;  «iuii' 

ibjr  luultiplying'  the  numbers  id  column  F  by  8,  we  obtain  tlie  ijtiati- 

ftt  wliich  1  atom  of  oxygon  develops  in  combining  with  the  dif- 

Itances. 

Iniotea  Crawford;— Da:  Dalton;— Dg:  Ditloug;— D^t  Desprctz; — 

c  t 
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Ha:  Heu; — Lt:  Lavoisier; — Rf:  Rumford.    When  two  results  by  tLe 
same  observer  are  given,  the  first  is  denoted  by  *,  the  second  by  *. 

IT  I  have  likewise  added  the  more  recent  determinations  by  Grassi 
(Gr),  Favre  &  Selbermann  (FS),  and  Andrews  (A). 


Hydrogen 


Carbon 


CaHxmio  oxide 

Fhotphonu   

Sulphur 

Antimony 

Zinc   

Tin 

Protoxide  of  tin 

Iron    

Cobalt    

Nickel    

Copper 

Suboxide  of  copper    , . , . 

Cyanogen 

Marsh  gas 


H 


CO 

P 

S 

Sb 
Zn 

Sn 

SnO 

Fe 


Co 
Ni 
Cu 

Ca«0 

C«N 
CHi 


HO 


CO« 


CO* 

PO* 
S0> 

SbO* 
ZnO 

SnO^ 

Sn  ()• 

Fc'0« 


CoO 
NiO 
CuO 

i2CuO 


2CO»,  N 
CO',  2HO 


20624 

21375 

23640 

24000 

34743 

34792 

36000 

34666 

34662 

33808 

3000 

5175 

5325 

7012 

7167 

7237 

7815 

7912 

7714 

7900 

1875 

2634 

1854 

2431 

4500 

7500 

5747 

1500 

2571 

2601 

2307 

961 

1314 

1301 

1233 

1144 

534 

521 

1702 

2088 

1576 

1080 

1006 

632 

602 

241 

25(> 

5193 

63/5 

13183 

11098 

13158 

13108 


E 


Di« 
Lt 
Di' 
Da 

Db 

Hs 
Cr 
Gr 
FS 
A 
Da 
Cr 
Rf 
CD 

Dg 

Lt 

D<> 

Di« 

Gr 

A 

Da 

Dg 
Gr 
A 

Da 
Lv 
A 
Da 
Hs 
Dg 
A 
Dg 

A 

Dg 
A 

Dg 

A 
Dg 
Di 

A 
Dg 


A 
Dg 

A 

Dg 

Da 

Dg 

Gr 

FS 

A 


2578 
2672 
2955 
3000 
4343 
4349 
4500 
4333 
4333 
4226 
1125 
1941 
1997 
2629 
2688 
2714 
2931 
2967 
2893 
2962 
3031 
4609 
3244 
4254 
3532 
5696 
450» 
1500 
2571 
2601 
2307 
5875 
5290 
5306 
4345 
4230 
4473 
4349 
4340 
5325 
4134 
3995 
3723 
2512 
2;«4 
2185 
2288 
4:;4l 
1594 
329fi 
2774 
3289 
3277 
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m, 


'UlgU 


iJabd, 


EUwr, 


^""oi  «piHt   

|[«««<l-atl    

*««yiio  eiher  . . . . 

*«eione 

*?«k  oil 

^U  of  iBi^dUjie 

^Webene     , ,  ,  .  , . 
'^phor     ...... 

Oliw  oil 


Ripe-afl. 
"Mom   , 

Wn  ... 


Catntlchunc 
Uak*vrOD(l  , 

»£lro-wtKid  , 
Cod  
Tuff  


CH 


C'H«0» 


C*H'0 


C'«H»0* 
CH 


C»H' 


C  0',  H  O 


4C  o",  ea  o 


ICO*,  5H0 


2CO*,  4H0 

lOCO",  12HO 
10CO».  IIHO 
3C  O*,  3H  O 
CO',  HO 
SCO',  4HO 


lOCO*.  8H0 
IOC  O'.'sH  O 


IZOO 


eeuQ 

12030 
8430 
11900 
11912 
iiW 
6750 
6909 
65«6 
7183 
Ctt5D 

S025 
5431 
D027 

53114 

1(1 1^8 

7320 

7335 

4^00 

10496 

10874 

10663 

lU'J^g 

5250 

GG75 

7900 

9045 

9862 

11100 

0300 

78O0 

b;i7« 

7273 

7800 
9472 
9075 
2103 
2970 
3480 
.&62a 
.1725 


1925 
3206 
211)1 
3471 
31  S3 
2084 
3334 
3311 
314« 
3442 
3292 
J  71)2 
2093 
3034 
3480 
3893 
3536 
3ZS5 
33S3 
3317 
2139 
1339 
3IS7 
3301 
3237 
3327 
L047 


The  {juantitiea  of  Ecat  furnished  by  other  kinda  of  wood  tire  inter* 
u&diatc  beiweeu  those  jieldcil  by  oak  and  elm.  (Rutiiford.)  [For  more 
on  this  matter,  vid.  Woothj  Fibre.\  One  part  of  oxygen  produces  with 
pLioephorue,  zinc,  or  tin  5325  uaiLs  of  heat,  the  eatno  quautity  therefore 
a«  with  iron,  and  li  times  as  much  aa  with  carbon.  Tlie  quantity  of  heat 
evolved  by  charcoal  during  it^  combustion  ia  the  same  under  whatever 
predsuro  tiie  oxygen  gaa  may  exist.  Since  the  volume  of  carbonic  acid 
gaa  produced  ia  equal  to  that  of  the  oxygen  consumed,  it  follows  that 
oxygen  gaa  and  carbonic  acid  gas  must  contain  the  snme  absolute  quan^ 
tity  of  lient.  In  ihe  combuation  of  idetiils.  on  tlie  other  hand,  in  which 
oxygen  suffers  wndensatioii,  ttie  quantity  nf  heat  niuat  ho  greater  as  the 
jiTe«»tJfe  to  which  the  gas  U  subjected  is  leea.  {Ann.  GIdm.  Pk^i.  37,  180 
add  ]J<:i;  also  Payg,  12,  JV9  and  520.)     Dulong'a  detttrnvinatiou  of  the 
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qnantity  at  Ucat  dftveloped  m  the  coniTinstion  of  oirbonic  oxide  is  doubt 
le«i?  tno  Jiigb  ;  if  it  were  correct-,  wo  should  be  obliged  to  ndmtt,  whal 
hi^'hly  imprnlmble,   Ibat  carbon  would  dtivelofw  much  less  heat  iu  c«n 
billing  with  ihc  first  atom  of  oxygen  than  with  the  eewjnd. 

According  lo  the  approximate  ret-ults  of  Davy  (Sdiw.  20,  143),  on  the 
othpr  hajid,  a  ti'vcn  quantity  of  oxygen,  which,  incombintn;^  with  carbon 
evolves  a  quantity  of  beat  =  1,  gives  out  112  in  comhiMJng  with  kdI- 
phuretted  hydrogen  gas,  1'6  with  olefiant  gas,  and  4'3  with  hydrogen,: 
At  nil  oventa,  the  law  eTiuncialeJ  by  Welter  {Ann.  Chim.  Ph^x,  19,  425  J 
27,  223),  viz.  that  any  given  quantity  of  oxygen  erolves  the  same  qiuu-l 
tity  of  heat,  with  whatever  combustible  body  it  may  combine — is 
present  very  doubtful.  It  would  rather  appear  from  a  comparison  of  tha 
numbers  in  coluino  F,  that  oxygen  developea  a  greater  quantity  of 
the  stronger  its  affinity  for  the  combustible  suhslancp. 

T  The  following  table  gives  the  quantities  of  heat  evolved  in  the 
combinntion  of  ditl'erent  substances  with  chlorine.  (Andrews,  Pkil.  Ma^^ 
J,  33.  i^fi.)  The  results  are  expressed  as  in  the  [jreceding  table,  the 
numbers  in  column  A  referring  to  the  conihination  of  a  unit  of  weight  of 
the  several  mibstancos  in  the  left  band  colutnti,  and  those  in  column  B  to 
tli6  OQmbin&tion  of  a  unit  of  weight  of  chlorine. 

A  B 

Potanlam. 2^55  291.'} 

Tm    .............. 10?9  89/ 

Antitaonf 70/  BSO 

Arwnic . , , ,  994  704 

Mercury 822 

Phosphoms  . 3422  r  607 

Zinc , ^.^29  1127 

Copper 961  859 

Iron 1?45  921 

By  eomparing  the  numbers  in  cohirau  A  with  the  correepODdinj 
numbers  in  column  D  of  the  formcrtabie  (pp.  292,  233),  it  will  be  seen 
the  heat  evoIvc<l  in  the  combinatioQ  of  a  substance  with  chlorine  is  in 
soDie  cases  greater  and  in  others  le*a  than  in  the  combination  of  the 
same  substance  with  oxygen.  IT, 

Devdopwuiit  of  Halt  in  tke  Comhination  of  Compound  Bodits  (aecordJ 
ing  to  Hess), — The  bodies  are  here  comp.ired  according  to  their  atomic 
weighta.     When  it  is  said  that  one  atom  of  sulphuric  acid,  in  combinini' 
with  cxct'M*  of  water,  produces  20202  units  of  heat,  it  is  to  be  understo 
that  40  p:irts  of  .»ulphuric  acid  (=  I  atom)  devclopc  in  this  cojubination 
quantity  of  heat  sufficiout  to   raise  the  te)npt;raturo  of  20202  parts 
water  by  l",  or  that  of  I  part  of  water  by  20202". 

If  one  atom  of  anhydrous  eulphuric  acid  combines  first  with  I  At, 
water,  then  with  1  more  atoPHj  and  so  on,  the  quonttties  of  heat  prodttoed 
arc  as  follows ; 

Units  of  Therefore  with  exe«3a 

Hrat,  of  W*Hrr, 

SO"  gives  with  H  O-     12132  =  »  .  L^fil  20202  =  }a  .  ISM 

HO.  SO  .,  HO;       1108=  2.  U-M  7f7ll=     i  .  ISSi 

2HO.  so'         „  HO:       !o54   =  1  .  1554  4602=     3  .  J554 

.^HO,  SO»         „         :tH  O;       ]554   :=^  1  .  I.t54  3108=     2.1554 

eao,  SO*        „      if- HO;       ir>54  =   l  .  1534  ISal  =     1  .  15J4 

20202  ^I.\.155I 

*  f.  e.,  itlth  roch  B  qwmtitjr  of  fritter  LfMt  «nr  (urtlirr  niditjon  wirald  prodoet 
more  deveJopemtnt  of  bent, 
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If  ihMb  1554  nnits  of  heat  lio  culled  an  equivalent  of  beat,  it  vrl\]  he 
eeen  from  tliis  llmt  sulphuric  ncid,  in  comliinitrg  with  water,  evolres  13 
■ueh  equivalents,  8  in  unitiDg  witL  tlie  first  atom  of  water,  2  witii  the 
secund,  Sic. 

I  atom  of  hydrochloric  acid  (=:  36'4  parts)  in  the  form  of  aflucrms 
[hydrochloric  acid  of  l*l25«p.  gr,  (in  whicli  it  ja  already  comb) ueil  with 
12  atoms  of  water)  evolves  3233  units  of  heat  when  luixBd  with  nmro 
water. 

One  atom  of  nitric  acid  (34  part*)  devclnpesthe  following  nuanti lies  of 
b«»t,  accnrding  to  the  rjaanlity  of  water  which  it  previoualy  lioltLi  in 
ibioation. 


Units  of 

Therrforf  trftti 

exeesf 

Hear. 

of  Wntcr 

1 

H  O, 

NO' 

with  11  0: 

1554    =   1  .  1534 

7770  =    a . 

1554 

2H  n, 

N  t^s 

„     H  O: 

1554   =    1  .  1354 

62tG   =.     4  . 

1554 

3M  O. 

N  (V 

„  2H  O: 

1654   =   1  .  1554 

46fi2  =    3  . 

1554 

5H0. 

NO' 

,.     11  O: 

?77   =  1  .  1534 

3108  =    2  . 

1554 

6H  O, 

N  O* 

.,   2H  O: 

777  =  i  .  isr.4 

23.11   =  34  . 

1554 

8HO, 

N0> 

„  *H  0: 

1554    =   1  .  1554 

1554  =    1  . 

1554 

7770  =  h  .  1554 

HO,  NO'  developes  tlierefore,  on  the  whole,  as  much  heat  in  combining 
with  water  aa  HO,  SO'  does,  and  the  heat-ccjuivaletit  is  the  ^loine  for 
hotb ;  differences  are  however  luet  with  in  individual  in.stances. 

One  atom  of  well  fused  hydrate  of  pota-^h  (47  2  potash  +  0  water) 
area  with  exces.?  of  water  12320  nnits  of  heat. — 1  atom  of  well  burnt 
iBai©  (28-ii  parts)  yields  G520. 

With  excess  of  dilute  ainraonia,  polaali,  or  8oda,  or  with  lime  slaked 
lit  exeiiss  of  water,  1  atom  of  sidpliiiric  acid  givea  the  foliowiag  units 
of  heat  according  to  the  quantity  of  water  preiriously  combined  witli  it: 


Ammonia. 

PotBsh. 

Soda. 

Little. 

H  O. 

SO': 

SlittiO 

23Pf»6 

24348 

25640 

SU  O, 

SO'i 

20756 

21 U80 

22584 

3H  O, 

S  0>: 

19120 

19320 

611  O, 

SO*; 

1/8'lfl 

17720 

irsffs 

195€a 

be  greater  therefore  the  quantity  of  heat  which  the  sulphuric  acid 
TalreaJy  evolved  in  rnjnl)ining  with  water,  the  less  does  it  give  out 
isaturiited  with  aninionia.  If  to  the  23840  nqits  of  heat  which 
rO,  SO^  gives  with  ammonia,  there  be  added  the  12432  which  HO* 
given  with  water,  the  rastilt  is  30272  for  the  sum  of  the  units  of  heat 
which  wnnld  he  devr-toped  in  the  combination  of  1  atom  of  anhydrous 
tulphnric  acid  with  aqueouB  solution  of  ammonia.  If  from  the  heat  which 
H  0,  S  O'  developcs  in  combining  with  aqueous  ammonia  there  he  deducted 
^  that  which  it  would  develops  in  combining  with  water  alone,  the  re- 
marnder  {2,1840  —  7770)  will  bo  the  heat  which  is  sH  free  on  the  further 
tddition  of  ammonia,  viz.  16070.  Similarly  for  the  other  nlkali.«.  Ac- 
cording to  this,  1  atom  of  enlphuric  acid  evolves  the  same  quantity  of 
Ileal,  whether  it  combines  witli  ammonia,  potash,  or  soda:  the  more 
powerful  development  of  heat  in  the  ease  of  lime  i&  perhaps  duo  to  the 
tombiniitioM  of  water  with  tlio  sulphate  of  lime  produced.  One  atom  of 
"Iry  «iit{diate  of  lime  immersed  in  water  devclnpcs  ICSO  units  of  heal;  this 
<li>din-(<>(|  from  25640  leaves  23960,  as  much  therefore  aa  for  the  other 
tlkalix. 

One  atom  of  aqueous  hydrochloric  ftCid  of  I '125  sp,  gr.  (eontnlnwij; 
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12  At.  waliir,  12  HO,  HCL  =  l44i'4  parts)  ikvelopee  witli  Jiluto  wn- 
inoiiiA  14764,  witli  dilute  potaeli  14476,  with  dilute  aodd,  14720,  with 

burn!  lirnc  ami  wuler  2-tl  lOf  nmi  n'itli  limo  jfreviously  slaked  with  water 
(aiiicf",  accorJitig  to  the  aliovc,  G520  units  of  lietit  are  thereby  erdlveii) 
175Sa  unit*  of  lio.it.  14784  (huat  with  aiunioDm  and  waler)  —  ^2133 
(heal  witii  wator  ftIon(>}  ^  11531  (licat  developed  by  the  furtlier  additino 
of  aiinnoniii). 

Otio  atom  of  nitric  acid  contnining  8  atouiB  of  water  (8H  O,  NO* 
=  \2(l  part-^)  yk-lds  with  dilute  aniLUODiu  1&]~2,  with  dilute  potash 
liS37S,  with  dilute  soda  1G402,  aad  with  slaked  lime  1S04S  units  of  heat, 
16172  {heat  with  aintnoiiia  and  water)  —  1,5;>4  (hent  with  water  aIudo) 
^  1J0I8  (heat  on  the  furtlier  addition  of  ainnionin.). 

Whilst  aniiuoala,  potash,  and  soda,  vield  equal  quantities  of  heat  b^ 
eoiiibtniiig  wiiL  eitlphuric  acid,  and  giniilaxly  with  hydrochloric  and 
nitric  aL-id,  lirac  gives  a  larger  quantity,^ — n  fact  which  Hess  explains  by 
supposing  that  the  lime-salts,  even  in  solntion,  contain  water  of  cryslal- 
lixation.  If  this  however  W  admitted,  tbo  same  should  take  phicc  with 
e<ilphate  of  soda.  The  difference  probably  consists  in  tbid,  that  the  firat 
three  alkalis  are  capable  of  conibitiing  with  excess  of  water,  in  which  com 
brnation  they  have  alrea<ly  evolved  heat>  whereas  slaked  lime  has  take 
Mp  only  one  atom  of  water. 

One  atom   of  chloride  of  calcium   (j.j£>  porta)  givea  with   excess 
water  0456  units  of  heat;  since  however  1  atom  of  cryetaliiied  hydrat 
chloride  uf  t^aIciunl  (Ca  CI,  6H0  =  1099  part*)  when  dtsdul\  ed  iii  water^ 
caiitiC;}  IGiG  urifta  of  heat  to  dieapjie.ir,  the  actual  development  of  heat 
amounts  to  »4JC  +  1340  =  10802. — Thus  far  Hess. 

il    Andrews  {Phil.  Trans.  1844. 1.,  21;  abstr.  Phil.  Maef.  J.  24,  457) 
has  shown  that  when  one  base  displaces  aoother  from  any  of  its  ncutrtu.^_ 
combinations,  the  heat  evolved  or  abstracted  i«  always  the  same,  what.^| 
ever  the  acid  may  be,  provided  the  base,f  are  the  siuue. — The  base  em-^ 
ployed  for  displacing  the  others  was  the  hydrate  of  potash  in  a  state  of 
dilute  solution  of  known  strength.     The  cluungo*  of  temperatore,  referred 
to  1000  parts  of  water,  were  found  to  be,  with  salts  of: 


lime,...,,... —  0-3(i° 

BarylA   ,.....,....,..  0-0 

StruDlia O'O 

Soda , +  0  OS 

Ammonia >  0*74 

Manganese ,  4-  1'07 

Protoxide  of  iron -+  1-60 


OxiJe  or  zinc    

Prutojiidc  of  niercwrf 
leaii.... 


■  ci'I^lier  . 


Oxide  of  tilvrr + 

P*-rojticle  of  irott    + 


+  1-74" 

+  1-Sfi 

-r  2-82 

+  Vi-m 

4  09 


The  differences  in  the  rcsalts  of  eiperimenta  with  different  acids  were 

not  greater  than  usually  occur  in  chemical  reaction*,  on  account  of  the 
uncertniiity  that  exists  with  regard  to  the  value^i  of  chemical  equivalent.H. 

Andrews  ha*  likewise  shown  that  if  3  metals  A,  B,  C,  are  so  relntfd 
Itittt  A  is  capable  of  displacing  B  and  C  from  their  combinatioaa,  and 
alio  B  capable  of  displacing  C, — then,  the  heat  evolved  in  the  sul>aliltt- 
liori  of  A  for  C  ia  equal  to  that  developed  iu  the  eubatitntion  of  .\  for  B. 
together  with  that  which  would  be  evol^'ed  iu  the  subslitution  of  H  f<ir 
C:  and  the  htw  may  be  extended  to  any  number  of  metals  similnrly 
reltit4?d. 

fPor  GrohamV  r&warchee  on  iho  dovelopineut  of  heat  in  th«  eom- 
biiintion  of  acids  and  bases,  &e.,  vid,  I'hil,  Mm.  J.  22,  '351,  And  S4. 
iVL]  % 
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The  Uriit  devcluned  in  these  combiaattonii,  some  of  which  must  be 
regaftlfd  as  coitibustiotis,  meiy  proct^cd  from  fuuf  distinct  eanrces. 

(a  )  Fnnii  tlw?  Bpccific  heat  of  tb(j  compound  bciiij^  Ices  than  the  mean 
of  tbc  PiK'ciuc  boats  of  the  coiubitiing  BubsUmees  (Crawford).  In  most 
iSLi^-c^,    hoti'Cvcr,    the    atoms    of  simple   sultstiiiic^ij    rctiiiii  their    original 

cifig  limt  when  they  etittT  into  foiiihination  (pp.  248     2;j1).    In  other 

M,  on  the  eontniry,  couibiniition  is  attended  with  an  ucluiti  increase  of 

^lecijic  bent;  .to  that  the  result  would  ho  a  production  of  cold,  if  heat 
were  not  ilevfloptd  from  some  other  eausc. 

Thusj  lib.  of  hydrogen  gas  of  3'203  Epedfic  heat  combines,  under  tije 

most  viokmt  evolution  of  heat,  with  Sib,  of  oxygen  of  specific  beat  0'236, 

producing  Olh.  of  water  of  specific  heat  1*000,— whereas  catcwiation  gives 

/'3-2!)3+  8.0  23G\  ,  ,    ,  .„     , 

I  — K — —  I  :s=  OavG  as  the  mean  of  the  two  epecinc  heat«.     If 

then  water  hml  n  specific  heat  =  0'57fi,  the  qvuintity  of  senalble  hent  in 
hydrogen  und  oxygen  gases  together  would  he  exactly  sufficient  to  t>ri)]g 
the  water  foniicd  to  the  saino  temperature  us  that  of  the  gases  themselves : 
hut  since  the  actual  specific  heat  of  water  is  1000,  the  quantity  of  isen^ 
uihle  beat  in  the  gases  is  not  sutficient  for  tide  purpose;  and  if  heat  were 
not  developed,  from  aome  other  cause  during  the  combination  of  oxy^jen 
hydrogen,  the  water  proJiiCfd  woubl  be  much  colder  than  the  two 

before  coiiibiuation. 
i.  The  heat  developed  may  uviwo  from  separated  heat  of  fluidity,  if, 
Uuring  the  comhiuatioUj  giiseous  or  liquid  fiubBtance.j  pass  to  the  liquid 
or  Bolid  state.  This  however  will  not  account  satisfactorily  for  the  more 
intense  evolutions  of  heat  in  combustions  and  other  combinations :  for  the 
latent  heat  of  ga.ses  and  liquids  la  enmll  in  comparison  with  sueh  deve- 
lupHK-nts  of  beat.  Moreover,  in  many  instances  the  combination  is  not 
ntteridcd  with  condensation;  f.  g,  in  the  eonihuatlon  of  charcoal  and 
sulphur  in  oxy^fen  gaa,  and  of  hydrogen  in  chlorine  gas;  or  again, 
eous  prodncts  are  formed  from  solid  bodies,  great  heat  being  at  the 
le  time  cvidved,  a.?  in  the  explosion  of  nitre  with  charcoal,  iiC, 

c.  The  heat  evolved  may  bo  a  kind  of  heat  difi'erent  from  heat  of 
fluidity,  producing  no  particular  stiitc  of  aggregation,  but  existing  in  a 
fctuto  of  more  intimate  cbeinical  combination  with  the  ponderable  matter, 
and  set  free  when  one  ponderable  substnuce  combines  with  another, 

d.  The  heat  is  formed  at  the  uiomcul  of  combination  by  the  union  of  the 
jMJi-ittve  electricity  of  the  one  body  with  the  negative  electricity  of  the  other. 

Either  the  causu  adduced  under  f,  or  that  in  d,  or  both  together,  must 
be  aiijiiitted,  in  order  to  explain  the  development  of  heat  which  accom- 
panies fbe  combination  of  poudei-ahlc  bodies.  (See  the  obflervations  on 
Uie  Tkeortf  of  Comltuttion  under  the  head  of  Oxtfi/en.) 

Cold  in  produced  (I)  Principally  in  sonic  of  those  chemical  oombiua- 
tiou*  iij  which  «ulid  bodies  pass  to  the  liquid  .itatc, — combinations  which 
«r«  broujjht  about  by  feeble  affinities,  the  quantity  of  heat  developed 
being  probiibty  fur  from  sufficient  to  i*cnder  the  dissolving  boily  liquid,  so 
thul  more  heat  must  be  Hbaorbed  and  rendered  latent  to  j=upply  neat  of 
flui'lity:  *.  (/.  in  tbe  solution  of  variriiuj!  salts  ju  w-iter  and  dilute  acida, 
and  more  csjiccially  on  mixing  these  salts,  tin  well  as  ccitain  acids,  crys- 
lallircd  potash,  or  alcohol,  with  ice  or  snow.-^tliougb  the  same  substances, 
wh*ii  mixed  with  water,  evolve  heat,     {Frfeztng  Mixtunx.'j 

t)U<'h  of  these  s'ibstances  tis  (Mjutain  water  of  crystiillizatton  must  not 
btdrprivcd  of  it;  otherwiWj  when  mijted  with  watorj  they  will  produce 
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liest  instead  of  cold. — The  more  finely  the  Bubetances  are  pulrerlzcfl,  tho 
more  quickly  they  are  mixed,  tim  larger  their  quantity,  and  the  sniallep 
the  conductinf*  power  of  the  containing  TesBcI.*,  the  greater  will  be  the 
(legTGC  of  cold  produced.— To  produce  the  greatest  possible  degree  of  cold, 
the  Bubstancea  of  which  the  ("reeling  miiture  ib  tn  be  made  are  cooled, 
"before  mixing,  in  another  freezing  miitnre. — With  respect  to  this  matter, 
it  must  be  observed  that  n  eolation  of  common  salt  in  water  is  completely 
resolved  at  —  20°  into  ico  and  cryBtallized  ealts;  therefore,  common  eaft 
and  snow  cooled  to  this  point  no  longer  acton  one  another;  whereaa  with 
chloride  of  calcium  and  snow  the  corresponding  point  is  ae  Jow  as  —  60", 
and  with  etilphuric  acid  and  snow  much  lowor;  so  that  Ihifi  mixtni«, 
when  the  ingredients  have  hpen  properly  cooledj  is  capable  of  producing 
the  most  intense  degree  of  cold.     (Murray.) 

One  part  of  water,  in  dissolvino;  1  part  of  nitrate  of  amnion ia^  pro- 
ducer a  lowering  of  temperature  from  +10"  to  —  15*5°;  with  -Jj-  sal- 
aramoniac  and  -f^  nitre,  from  -f-  10°  to  —  12";  with  1  part  of  nitrate  of 
ammonia  and  1  part  of  carbonate  of  soda,  from  +  10^  to  —  I3'8';  with 
0*3  sal-ammoniac,  0-1  nitre,  and  0'6  chloride  of  calcium,  from  +  2.5'  to 
—  6°;  with  -^f  sal-aTiiraoniftt',  -^  nitre,  and  ^if  Gtauber'a  salt,  from  -{-  10° 
to  —  ISS";  1  part  of  water  likewise  produces  a  considerable  degree  of 
Cold  with  |-  Bal-ammoniac,  ^  nitre,  and  J  Glauber's  salt;  or  with  ^  sal- 
amniouiae,  if  nitre,  and  ig  Glauber's  salt,     (Walker.) 

By  dissolving  I  part  of  a  salt  in  4  parta  of  water,  the  following  re- 
ductions of  temperature  arc  oMained:  aal-ammoniac  15-19'';  nitrate  of 
ammonia  14-1";  sulphate  of  potash  2-9'';  dilorldo  of  potassiam  11 -SI"; 
nitre  10*6°;  Glauber's  salt  81°;  common  salt  2*1";  nitrate  of  soda  9-46'; 
chloride  of  barium  4*.'i'';  nitrate  of  baryta  2-1";  sulphate  of  mQgnesia 
4"5°;  sulphate  of  linc  .^'l*;  nitrate  of  lead  I  •.9';  aulphat-o  of  copper  2"27*. 
— If  ]  part  of  a  salt  he  dissolved  in  4  parts  of  a  saturatefl  solution  of 
another  salt,  the  following  degrees  of  cold  arc  produced;  sal-ammoniac  in 
solution  of  common  salt  8'4^;  in  solution  of  nitre  12'6^; — nitre  in  solu- 
tion of  sal-ammoniac  975°;  in  solution  of  common  salt  9'4'';  of  nitrate  of 
BoJa  7'OS^*  of  nitrate  of  baryta  975  ;  of  nitrate  of  lead  95° ; — Glauber's 
flalt  in  solution  of  common  salt  4'75'';— comintm  salt  in  solution  of  sul- 
phate of  copper  4'1°;  nitrate  of  soda  in  solution  of  sal-amTnoniac  91"; 
of  nitre  !)-2";  of  common  wilt  T'ST;  of  chloride  of  harinm  275  ;  of  nitrate 
of  lead  8"; — nitrate  of  barj'ta  in  solution  of  nitre  0-75'\; — Eulphato  of  tine 
in  Solution  of  sulphate  of  pfita^h  1*7V; — sulphate  of  copper  in  !»olntioD  of 
common  salt  4  9", — The  fo How tng  salts,  on  the  contrary,  produce  rise  of 
terapcrature:  common  »alt  in  solution  of  sal-amraontac  4.56°;  in  solution 
of  Glauber's  salt  l^a**;  of  nitre  0"75^;  of  nitrato  of  soda  3  8'; — chlorid* 
of  barium  in  solution  of  nitrate  of  soda  0-64".  (Karsten,  Schriftfa  d. 
Berl.Akad,  1841.) 

Three  parts  of  crystallized  neutral  carbonate  of  sodadlssolTed  in  lOparts 
of  water  produce  a  lowering  of  temperature  amounting  to  8  fJ%  whilst  2 
parts  of  the  same  salt  in  the  anhydrous  state  disRolved  in  10  parts  of 
water  canse  a  rise  of  temperature  of  12*2". — 3  parts  of  crystallized  Glau- 
bers salt  witli  10  partes  of  water  produce  a  fall  of  fi"7°;  on  the  cimtrary, 
3  parts  of  dry  Glauber's  palt  with  10  parts  of  water  cause  a  rise  of  2'2\--3 
parts  of  crystallized  sulphate  of  magnesia  with  10  parts  of  water  produc* 
a  fall  of  31";  and  S  parts  of  CTj'staJlized  protosulphate  of  iron  with  Ifl 
parts  of  water  aim  produce  a  fall  of  temperature  amounting  to  3*1*. 
(Thomson,  Fecords  of  Qen.  Sc.  J 836,  July;  also  Bill,  unh.  5,  182;  aim 
J.pr.  Ghem.  13,  176.) 


PRIGOBIFIC  MIXTUBES. 

On©  piirt  of  a  niijitare  of  50  parts  of  ml  of  viti-tol  ami  55  waf&r,  mixed 
with  1  J-  parts  of  Glaiiliers  salt,  tonla  from  +  10"  to  —  8". — Ono  pRrt  of 
«Jiliite  hvdrnchloric  at^iil  ivitli  1^  Glriulier'N  salt,  from  +  lO""  to  —  IT'S**. 
—1  part  of  dilute  nitric  aci<l  fftves  tlie  folbwing  reductions  of  temppra- 
lure:  with  1  sal-am moniac,  i  nitn?,  l^  Glauiier'e  salt,  from  +  10"  to 
—  12°; — with  11  nitra.t«  of  ammonia  and  2^  phosphate  of  sodn,  from 
+  10^  to  —  fl  ;  with  2\  phosphate  of  soda,  from  +  10*  to  —  11°;— and 
with  1|  Glaiihcra  salt,  from  +  lO"  to  —  Ifi".     (Walker.) 

Cooled  mixtures  of  oil  af  vitriol  and  water  in  different  proportions 
gire  with  Glau Iter's  salt,  according  to  Bischof  and  WoUiier  {Sckw,  52, 
371),  the  following  reductioits  of  tcinpenitnrp, 


Oil  of  tilriol. 

Wjil*r. 

Glaub.  wit. 

:ino 

208 

S85 

2250' 

ftOO 

250 

937 

2625 

soft 

300 

MO 

2e-2a 

&00 

333 

1010 

27-50 

500 

416 

1150 

26-75 

500 

500 

1000 

2fi-25 

500 

500 

12aO 

24-37 

500 

6.15 

1400 

1906 

500 

:50 

1560 

18"tl 

Sii  ftrU  of  oil  of  vitriol  prodnco  beat  with  G  pnrta  of  snow,  neither 
heat  nor  oold  with  8  parts,  and  intense  cold  with  a  larger  qnantitj  of 
mow.     {Sta^ilom.  I,  2,  S7.) 

Cdenp  freciitig  mixttires  for  prmlncing  ico  in  summer,  with  description 
of  the  ftpparatna;  4  parts  of  a  cooled  mixture  of  50  oil  of  vitriol  and  o.'j 
w&tpr,  with  5  parte  of  Glauber's  ealt,  or  9  parts  of  hydrochloric  acid  of 
l6"  B.  with  14  part^  of  Glauber'B  salt.   (Deconrderaanche,  ./.  Phm-m.  11, 

1;  also  N.  Tr.  14,  2,  24ll.)-~12  parta  of  a  niixtiiro  of  3  oil  of  vitriol 
id  2  water  with  17*^5  parts  of  Glauber's  salt.  (Malapert,  /.  Pkami.  21, 
221 ;  also  Ann.  PhanA,  18,  348.) — 3  parts  of  a  mixture  of  7  oil  of  vitriol 
and  5  water  with  4  parts  of  Glauber's  salt.  (Botitigny,  J,  Chim.  MM.  10, 
4«00 

One  part  of  mow  or  pounded  ice  produces  the  following  degree*  of 
eold:  with  \  dilute  sulphuric  acid  (4  oil  of  vitriol  and  1  water)  from  0^ 
in  —  32".»"; — with  1  Jiltito  sulphuric  UJ^id  from  — 7°  to  —  51^  (1  havo 
also  obtained  a  considerable  degree  of  cohl  by  niiiing  the  eryetallizcd 
compoLind  of  49  oil  of  vitriol  and  |>  water  with  snow);^ — with  ^  dilute 
UJinc  acid,  from  —  23^  to  —  49°; — with  1  dilute  nitric  acid,  from  — 17"8' 
to  43  ;»— with  li  oryBtallized  potash,  from  0"  to  —  28"; — with  ^  common, 
•alt,  from  17  8^  to  —  20  5°; — with  1  common  salt,  from  0"  to  —  17'8*; — 
with   ^  common   salt  and  fj  nitrate  of  ammonitt,  from    — 27'8''   to 

—  yj  7°; — with  4  chloride  of  calcium,  from  —  8  to  42'5"; — with  ]i  chlo- 
ride of  calcium,  from  0°  to  —  49^j — with  1|  chloride  of  oalcium,  from  0' 
t<)  —  27't*°,  and  from  —  7°  to  —  47°;— with  2  chloride  of  cidciuin,  from 

17-8"  to  S4-4°,  and  with  3  chloride  of  calcium,  from  —  40"  to  —  58"; 
oocording  to  Tralles  (Gill,  3S,  365),  with  absolute  alcohol,  from  0**  to 

—  3tf  9  ,  with  highly  rectified  spirit  from,  C°  to  —  30'. 
Orioii  {^'>iuv.' Colin,  di  Op,  >'icimL  1 S23,  104;  alao  Fertatat:  Bull,  titst 

Sc.  Math.  Pht/t.  ft  Chipi,  182.';,  117)  obtained,  on  mixing  solid  amalgam 
of  lead  with  solid  amalgam  of  bismuth — the  two  substances  at  the  same 
lime  boconiiug  linuiil — a  reduction  of  temperature  amounting  to  22^ 
According  to  Diibcrciner  {Sdtw,  42,  182;  aleo  KaUn.  Arch.  3,  DO),  204 
p«rt«  of  loiad-amalgam  (consisting  of  103  lead  and  101  metcury)  mix^ 


with  173  bismutU-ainalgam  (71  bisjnalU  +  101  mercury)  cool  frum 
+  20'  to  —1"^;  if  10  lilts  mixture  there  be  ako  a4do(l202  parts  of  mercury, 
the  feiDpcntturv  fiUU  lo  — S"*.  Wbon  a  fiucIy-Jivide.l  mixturts  of  59  tia, 
103a  loaJ,  tin.l  182  bismuth  ia  dissolved  in  608  tT^i^td  of  mercury,  th« 
tomperntiiit;  fails  from  +  17*5°  to  —10°. 

2,  The  mixture  of  liquids  is  iu  some  few  instances  attended  witU  re- 
dnetion  of  (emperature,  coudcnKvtioa  taking  place  at  the  eame  time. 
Thtt)  effect  is  peiliaps  duo  to  the  greater  specific  beat  of  the  mixturB. — 
Thns,  on  mixing  4  4  ])arts  of  a  coucentratea  aqueous  swlution  of  nitrate  uf 
Rminoniu,  ap.  gr.  =  1'302,  vritb  34  parta  of  water  at  IG  C.  the  tempe- 
rature falls  5%  and  the  mixture  has  a  specific  gravity  of  11 59,  the 
mean  sp.  gr,  being  1151.  Similar  cfl'ccle  are  produced  ou  mixing  several 
other  saline  solutions  with  water;  but  tho  redaction  of  tempcraluro  i^ 
not  eo  great. 

With  the  same  quantity  of  water,  a  saturated  solution  of  chloride  of 
potftssititrt  g-ives  a  reduction  of  teiiipenttnre  of  0-75  ;  that  of  common  sal^ 
of  0'56'.  A  «aturatetl  solution  of  nitre  gives  with  a  saturated  stdution 
of  nitrate  of  soda  a  rise  of  O'QQ";  but  an  equal  weight  of  water  added  to 
tbii*  mixture  produces  a  fall  of  1"25'.  Saturated  solntiuas  of  the  follow- 
ing salts  produeej  when  mixed  in  equal  quantities,  the  following  deg^reet 
of  cold:  sal-amraoniae  and  nitre  062;  sulphate  of  potash  and  nitre  0'44'; 
chloride  of  barinni  and  aulplmte  of  jsinc  (accompanied  by  precipitation) 
2';  Bal-ammoniac  witb  cxcciis  of  sulphate  of  copper  Ifi", — whereas  wli«n 
the  sal-amutoniac  le  in  excess,  »  rise  of  1*6''  tdJies  place.  (Karsten, 
(Sckn^m  d.  BerL  Akad.  1841,) 


2.  Developnient  aiid  Abtorption  of  If  eat  from  Meciiattkai  Cmua. 

A,  Dtvthpmfnt  of  ffeat  accompanying  Adhetian-Phenmncna. 

When  a,ny  lt<juid  substance  penetrates  finely  divided  bodies  by  capLU 
lary  attraction,  no  chemical  combination  takiug  place  between  tlie  two,  a 
rise  of  temperature  takes  place,  auioauting  in  tin*  ca-se  of  inorganic  solid 
bodies  to  between  \  and  \°j  but  with  organic  bodies — probably  beeauM* 
tlieyr  are  more  porous  and  therefore  present  a  larger  surface — to  between 
pindl0^     (Poulltet.) 

Pouillct'sex[>erimenta  wore  made  witli  water,  alcohol,  acetic  ether,  and 
oils;  the  aolid  inorganic  bo^lies  into  which  he  caused  these  liquid*  t^ 
]ieuetrate  were  the  filings  of  different  metals,  the  powders  of  sulphur, 
gla^s,  porcijittiu  clay,  various  earths,  and  heavy  metallic  oxides;  and  tho 
ori*auic  -substance?,  charcoal,  wood-tfhavinga,  cotton,  paper,  roata,  seeds, 
flour,  hair,  wool,  animal  skins,  &o.  The  development  of  heat  from  thia 
cause  haa  been  oonfirmed  by  Kegnault.     {Ann.  C/tim.  Phrit,  76,  133.) 

B.  DeKhprnent  of  ffeat,  pruducfd  by  Mtckimkal  Alteration  o/Pauittf. 

Eveiy  mechanical  compression  or  condensation  of  a,  body,  even  if  it 
does  not  produce  a  change  in  tbe  state  of  aggregation,  is  attended  with 
evolution  of  heal;  every  expansion  of  the  btnly,  on  the  c^jutrary,  tlioii<;h 
unattended  Willi  actual  cbniigo  of  aggregation,  gives  rise  lo  nbaorjition  of 
heat.  Tlie  tlevelopnicnt  of  heat  by  compression  is  probubly  due  chieHy 
to  diminution  of  specific  heat  in  conscipienee  of  tiicre.igc  of  dctietly;  iho 
absorption  of  beat  by  expanaiou  lo  iucreasfd  capacity  for  hiat, — aud  the 
mure  80,  siiice  the  development  of  heat  is  greater  in  proportion  to  the 
degree  of  coadeusation. 
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Air  wlien  suddenty  coiiipresseit  evolves  a  couEiderable  degree  »>f  hctit, 
Icient  to  ignite  Gorinan  tinder  {Ftre-iyringt).  Aeeordin^  to  The'iard, 
in.  Chim.  Phyi.  44,  181;  aJso  Po<;g.  13,  442)  paper,  oiled  paper,  and 
wood  may  also  be  ignited  hy  Budderi  compression  in  oxygen  gas,  and 
oiled  paper  in  cblorlno  gaftj  also  fulminating  silver  may  be  made  to  deto- 
B*t<  in  hydrogen,  nitrogen,  or  carbonic  atid  gaF. — Tlio  g^reat  reduction 
of  teniperattire  which  takes  place  in  air  under  the  receiver  of  tin*  air- 
panip  on  sudden  expansion  may  be  strikingly  sljown  by  nieana  of  tlto 
dellciito  tbermoscope  of  Breguet.— Liquid?,  wbicb  are  but  sliglitly  com- 
pressible, cvfdiro  but  little  beat  wben  Bulijcctcd  to  pressure,  Under  a 
preaonre  of  40  atmoapberes,  water  exhibits  scarcely  any  rise  of  tempera- 
tore,  aJcobol  only  1",  and  elbor  4^  or  5°.  (Colladon  &  Sturm,  Fogg.  12, 
191.) — Metals  become  bot  and  even  red-hot  by  hammering,  their  density 
ai  tbe  same'  time  iucteasing.  In  the  stamping  of  coin,  the  development 
of  beat  produced  bv  tlio  first  blow  ia  greater  than  that  produced  by  the 
e6C0ud  or  third;  tLe  increase  of  density  ia  likewise  greatest  at  the  first 
blow.  Copper  coius  beeomo  more  heated  than  silver,  and  silver  than 
gold;  the  sftectlic  gravity  also  iiicrcaaes  niO!>t  iu  the  copper  aud  least  in 
the  gold.  (Dertbollet,  Pictet,  Biot.)  In  the  boring  of  cannon  with  iron 
borcra  great  beat  is  evolved,  whether  the  operation  be  performed  in  ordi- 
naxy  ftir,  rarefied  air,  or  water.  (Humford.)  When  an  iron  rod  is  broken 
by  hanging  weights  to  it,  it  lengthens  considerably  before  breaking  and 
becomes  very  hot.  (Barlow,  A  nn.  Phil.  10,  311.)  An  alloy  of  1  i*art  of 
iran  and  2  of  antimony  emits  sparks  when  filed.  (Beci|tierel.)  On  a  re- 
Tolving  grindstone  "4  ff^t  in  diameter  an  iron  nail  becomes  wliite-hot  ia 
\  minute,  brass  red-hot  in  \  mJnute;  a  i'bisa  tube  becomea  red-hot,  melts 
And  flics  oiF.  (Helnricb.)     Agate  rubbed  on  the  same  grindstone  give?  off 

rkd  whieh  travel  with  the  grindstone  for  a  little  distance — the  agate 
becomes  brightly  red-hot.  The  glowing  fragments  whidi  fly  otl'from 
gkUB  Tobhed  on  the  grind.4tono  set  fire  to  gnnpo^vdcr  (according  to  Wedge- 
wood).  Two  pieces  of  wood  take  fire  when  rubbed  bard  together.  When 
rough  ghies  is  rubbed  on  smooth,  the  former  becomes  more  strongly  heated 
than  the  latter;  similarly,  rough  cork  on  smooth;  when  white  jsatin  is 
mbbed  on  black,  the  former  is  most  strongly  heated;  on  rubbing  togo- 
ibcr  smooth  glass  and  cork,  the  riso  of  temperature  in  the  two  is  as  34  :  5; 
with  ground  glass  and  cork  aa  40  :  7;  silver  and  cork  a^  5U  :  12;  coout- 
ehooo  and  cork  &b  29  :  11,   (Becquerelj  Ann.  Ckim,  Pkyt.  70,  239.) 


III.    rNFLlENCE  OF  HeaT  O.I  THE  CuEMIC.VL   CoMHINATtOMS  AMD  DeOOM- 

POSITXO.N'B  OF  PoNDKHAilLE  BoDIEB. 

Tbo  influence  of  beat  on  the  chenucal  eonibiuations  of  pouderablo 
bodies  in  whieb  it  actsi  prtrtly  ns  the  priiieiplo  of  Ihiidily,  partly  in  a 
manner  unknown,  bai  been  considered  (pji.  3(j  and  37).  Of  deoonipoei- 
lions  of  pouderulde  substances  produced  by  beat,  an  account  has  wen 
given  pp.  119...122,  and  T;J2.  ..IGO, 

•i  The  most  remarkable  instiince  of  decomposition  by  beat  is  the 
resoluliuu  of  water  ijito  ILh  constituent  gitsoa  hy  the  agency  of  incan- 
de»ceut  pbitioiun,  lat 'ly  discovered  by  Mr.  Grove.  {Phil.  Man.  J.  30, 
.'i8;  yi,  !)U.)  A  pliuinuni  wiro  is  aealed  into  the  closed  extremity  of  a 
kind  of  tubii-retort,  having  its  neck  narrowed  dose  above  the  wire.  Tbo 
lube  i»  rdk'd  with  puro  w:iter,  ami  (he  current  of  a  voltaic  battery  mado 
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Th.  Andrews.  Thermo-Electricity.  J^hil.  Mag.  J.  10,  433;  also  Pogf 
41,  164, 

. Conducting  power  of  Flame.  PUt.  Matf.  J.  H,  170;  »l»ft  fogg 

43,  310. 

A  mist  rung.  Electricity  by  Expansion  of  Air  and  A({neou8  Vap«vur 
J'/,i{.  Mat/.  J-  1*".  1*'*3.  32S  and  .500;  1[>,  25;  20,  5;  21,  1;  22,  194 
A>in   Ckim.  Phji.  75,  328;  Pfyj'j.  52,  328. 

Becquerel,  Electridty  lij  l're*siire.  Ann.  Chim.  Phys  22,  5;  T/irnni 
tlfctriciii/,  23,  13j  (also  .SV/,w.  39,  448);  Chemical  Eh^ricifff.  23 
li>2;  2.%  24-1  (iifso  AAw,  40,  38j);  23,  259  falsn  .SVAt/-.  40,  405);  2 
203;  Mtfclrk-ity  dtf  Capifiartli/,  24,  237  {also  .SciAu'.  40,  408);  CA 
mi'crt/  EUctneliif,  24,  348;  25'  403  (jilso  AVAw.  43.  71;  aJsu  /'ej»S 
2,  icy);  2fi,  37G  (dsu  ^VA<p.  44.  153;  also  Pivjij,  2,  180);  27. 
(also  /%</.  2,  101);  27,  14  (also  /V;v.  2,  201);  28,  Ifl.  ftnd  27  (al 
>.  ifV.  li,  I,  236);  nermo^[<retrieiiii,  31,  37!  (also  /%y.  9,  343" 
Chemical  Electricitt/  34,  153  (also  />f)</_(/.  11,  457);  35,'ll3,  El 
Iricitv  by  Cleavajje  gf  Crystals.  30,  26,i"  (al$o  Piii}ij.  12,  147);  El 
tricity  hy  Wire  in  Fianifi,  30,  32ti  (also  Po^jf.  \l,  437);  Crysta 
ekctridty,  37,  5,  and  355  (also  Poytf.  13,  e2S);  FmtioD-electrietl 
of  Metals,  38,  113  (also  Poffg.  13,  019);  Coin|)0iind8  produced  b 
Electridty,  41,  5  (abstr.  Pw/ff.  ](>,  30fi);  Thormo-clectricity,  4! 
333  (also  Poffff,  17,  53.%);  Cumbinations  and  Decompositions  by  Gal 
vanic  Actiou,  42,  226  (aim  PcHiff.  18,  143;  also  i'cAw.  5R,"439^ 
43,  131  (alao  Por/f/.  18,  147);  43,  3fiO;  Thermo-electricity,  Frictioi 
electricity,  and  Chemical  Electricity,  46,  265,  and  337;  Galvan 
Dccompositiotis,  48,  337;  Electricity  developed  in  the  Cementntie 
of  Iron  by  Clmrcoa!,  49,  131;  Pkititium  witli  Gold,  Pero.xide  of  Mm 
jafiineec,  Black  Lcail,  60,  184;  Galvanic  Formation  of  Garbonste  i 
liime,  60,  173;  Galvanic  Apparatus  with  Nitric  Acid  and  PotasI 
litbL  univ,  CO,  215;  also  P>mj;).  37,  429.— Also  Ajui.  Chita.  Pky 
OG,  84;  also  Po(f<f.  44,  437. — Electric  Current,  which  dccompoee 
but  does  not  produce  Huiit.  liihl.  unhh  59,  218;  abo  Poffg.  31 
433. 

Becquerel  (E).     Coudncting   Power  of  Solids  and   Liquids,     A^.   An 
Cftim.  Phifs.  20,  53. 

Van  Beek.     Mefals  with  Sea^waler.     Pf>gg.  12,  274;  again,  Ann,  Chit 
Pkifs.  64,  225. 

Beete.  Certain  Plicnonmna  of  Voltaic  Decomyioeition.  Pfffff.  61,  209.- 
Rusting-  of  Iron,  and  its  Connection  with  tlio  Passive  State,  9! 
234. — Voltaic  Polarization  of  Iron,  63,  283. — Pa^^ivlty  of  Iroi 
67,  186. 

Berselius  &  Hisiuger.     Galvanic  Decomposition  of  Salte.     Ollh.  27,  27l 

Berselins.  Galvanic  Action  on  ColtJiired  Papers.  GUI).  27,  316.- 
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The  term  JSleetrieity  is  applied,  aocordinir  to  the  dualistio  theory  of 
Dufay  anrf  Symmer,  to  two  impoaderablo  fluids,  very  similar  in  tlieir 
|iro|)ert ie.=,  but  iljMuetricaily  opposed  i«i  their  mwtiml  roIatioDs; — or, 
accopliug  Ut  the  tbcory  of  Frank! in,  to  a  svv^h  iiupotKierable  Huid^  tlie 
rel*ijve  excess  or  deficiency  of  whicli  is  supposed  to  produce  tlie  phcao- 
mpna  of  Positive  and  NeffcUiw  Ekctricity*. 

Properties. 

1.  The  two  Electrioities  are  imponderable. 

2.  TUoy  fliii'tisc  themselves  uniformly  and  witli  the  greatest  rapidity 
througti  tboae  spaces  wkicb  they  are  able  to  penetrate. 

*  Tlie  dnttJiatic  thfory  it  not  only  better  adnpted  to  the  chemical  view  of  dectrie*! 
Itbeoamcni,  Lut  likewise  affords  a  mucb  more  ^tiafactorj  e:ipliu)itti(iD  of  the  difCribotiDil 
Of  electricity.  For  how  is  it  iWAsibleF  oa  the  Prsokliuiun  liypotheiiiB,  to  form  a  clear 
oonceptioD  of  the  manner  io  which  a  body^  deficient  in  elcctriuitjr,  uid  plnced  in  tho 
Dcis^hoarhood  of  anotber  contiiining  electricity  in  excess,  exhibits  a  still  (;re>.ter  deA- 
Gjency  on  the  side  nearest  to  the  latter,  and  an  eicx^ss  on  ihr  opx>^gite  aide  (a)?  The 
Approximntion  of  n  bc>t  and  ft  cold  body  does  not  appear  to  be  accompanied  by  anr 
pJteitomeDa,  resembling  the  distribution  of  elt^ctricity.  The  erperiment  of  Motl  (p.  31i) 
*m  «!■«  favoumUe  to  tlie  duali«tic  theory. 

f  [a).  The  Prankliniftn  theory  is  perfectly  competent  to  the  ezplanfttion  of  this  and 

■«s«ery  oclier  fiiienomenon  of  Btatieal  electricity.    The  fandnmental  pHncipIej  af  that  theory 

■Bay  be  stated  as  follows:  I.  The  particles  of  the  electric  fltiij  t*pfl  euch  other  and 

(Attract  Ibote  of  ponderable  matter.     II,  The  partii'les  of  pDoderabic  matter  repel  I'ach 

other,  and  attract  those  of  the  electric  fluid.     III.   In  the  ordinary  ttate  of  a  body,  tbe 

«ia«iality  of  electric  fluid  contained  in  it  is  such,  that  the  attractSve  force  exerted  by  the 

VKiiMierable  matter  of  the  body  on  a  particle  of  electric  tloid  sitaated  without,  is  exactly 

balanced  by  the  reputrive  force  exerted  by  the  electric  fluid  of  the  body  on  the  aamepar* 

1id«.      JV.   A  bofly  containing  mart  than  thi*  natural  quantity  of  eliictric  fluid  it  MJ<i 

•u  be  p/trntiTtly  electrified,  and  a  body  ctsntaining  it*t   tbiiu  itJ  natural  quanbty  is  said 

to  be  qepsli'fefy  electrified. — Now  suppose  a  body  A,  ue^itively  electrified,  to  ha  brou^bt 

into  the  neii;hb«urhoad  of  a  body  B,  positively  electrified.     The  eice^  of  electric  fluid 

in  B  n\»H  ib<>  fluid  itiU  remaining  in  A  towarda  the  end  farthest  from  B,  thus  learing 

the  nearer  end  of  A  more  negative  than  before, — and  at  the  same  tioie  the  redundant 

|>oi«lcrabie  matter  in  A  attractii  tiie  electric  fluid  in  B  towards  itself,  thna  rendering  the 

nearer  end  of  B,  more  positive,  and  the  farther  end  less  positiva  than  before.     A  aimilar 

esplanatioTi  will  apply  to  every  ease  of  statical  induction.     Indeed  it  is  only  necessary  to 

it«le  Me  tHtt  tlitoriea  m  precipe  tenna,  in  order  to  eee  that  any  pheiiDmenun  of  statical 

electricity  which  is  explicable  by  the  one,  must  of  necessity  be  explicable  by  the  other 

alto,  —the  redundant  matter  of  the  one  theory  producing,  in  fact,  the  same  effects  a»  the 

nefsLiire  electric  fluid  of  the  other.     The  difference  between  the  two  theories  is  that  the 

POe  «u|ipn3e4  a  single  nnd  the  other  a  double  transfer  of  electric  flnid  to  take  place,  in 

all  case*  of  charge  and  dlsrhargc:  but  this  nsalccs  no  dificreuce  in  tlie  ultimate  distribn^ 

6oD  of  the  potitive  and  negative  ciiorgc,  which  ia  all  that  we  are  concerned  with  in  phe- 

MRteat  lika  thtt  just  noticed.     The  author's  remarks  in  the  preceding  note  lecm  to  be: 

biwed  upou  the  notion  that  a  body  negatively  electrized  is  supposed,  according  to  the 

Franklinian  theory,  to  be  absolutely  deprived  of  electric  fluid,     Suth  however  is  not  the 

eiuie,  «iiy  more  than  we  suppose  n  cold  body  to  be  absolutely  deprived  of  beat.     As  to 

tlw  ejtpcrimeiit  of  Moll  ollnded  to  in  the  E»nie  place,  I  will  nnly  observe  that  the  per- 

fnmtion  iif  a.  card  or  n  piece  of  tinfoil  by  the  electric  diwharge,  by  no  means  oblige*  ui  to 

mppouc  Ib.il  the  electric  fluid  or  fluid?  are  botlily  carried  through  the  perfomtiona. — lo 

mokini;  these  remarks,  I  would  not  be  understood  to  advocate  the  theory  of  a  single 

electric  fluiil  in  preference  to  the  other,— or  indeed  the  ciistence  of  an  electric  fluid  ot 

«ll :  my  object  is  men'ly  to  point  out  the  perfect  similarity  of  etplanotion,  afforded  by 

U«i  two  tUciiriej,  of  nil  the  plienomcna  of  ordinary  electricity.     [For  a  full  derelopment 

of  fhp  theory  of  Franklin  (or  raLber  of  jBpinoi)  I  must  refer  to  Ho&iton't  MtcAanifal 

PAihtnpky,  Brtv-tter'»  Eililion.'soh  IV. j  »!so  to  the  adnvirable  treatise  of  Dr.  Roget  in 

the   Libraiy    of  Vtfful  Knau-ledge,  Naiwral  PAilotaphy,  vol.  H.     The  latter  work, 

{1(1.  bU....6-li  cout«wu  a  cDDcisc  and  able  comparisoo  of  the  two  tbeorie*,]  ^ 
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To  tho  class  of  /pad  Conductors  of  EftelrieUff  l>cloTig  tbc  tnolals,  e«»r- 
tain  tncUlliG  tttilphurcts,  both  natnml  fttiH  artilicial,  BcsXe  oxtilc  of  tron, 
peroxide  of  manipaneBP,  ]veroxiilc  of  lead,  graphite,  and  charcoal, 

Etwrtricily  travels  along  n  copper  wire  ftyiter  tban  light  moves  in  tbe 
cekjitiftl  spaces,  and  with  the  ainic  velnritj  from  the  positive  to  the  nep»- 
tive  cu'l  ji.^  in  the  contrary  direction.  If  a  copper  wirp  of  the  leagth  of 
^  an  Euglish  mile  be  cut  through  in  the  midtUo,  and  its  extreme  piuls 
brought  near  to  tbe  inner  and  outer  coatings  of  LerJen  j^r,  the^park  wiJl 
sppcfkr  at  the  two  coatings  nt  the  same  instant,  but  »}mewhat  latur  in 
tho  middle.  {Wheatatone,  Pff.  Tr.  IS33,  ii.  583;  nlso /*W7^.  34,  464.)  Tho 
conducting  power  of  mt'tals  demioiahra  as  their  temperature  rises.  (De  U 
Ri\ro.)  Solid  mercury  conducts  electricity  better  than  the  same  metal  in 
the  liquid,  state.     (De  la  Rive.) 

Vondtteiing  Patjoef  of  MdaU. 

Lcnz. 
, — . 1      H.  DaiiT.     BMoucrel.    Clirislie. 

■tr       Btiir     •tso<r 

SilTfT    ........  !3fi-25  9l-i5  (18-72  IM  73-6  100 

Copper 100-00  ;S'00  &t'92  \m  \m  £Q 

fioW r9-79  65S0  &I-49  73  MB  73 

Tin    30-81  20-44  lirS  —  15  o  17 

Brass 29-33  84  78  2115 

Iron. tr-7-l  lOOr  700              14-5  158  1& 

Lead i....  11'fi2  Si'fll  e76                69  83  8 

Plntinnm 14-rfi  t0-(i3  9  02              IS  164  I€ 

Zinp ;...  _  _  _               _  28-5  37       fl 

Mereorf   —  —  —               —  3'4  I 

foliusium —  —  —               —  rS  ■ 

If  tho  conducting' po-wer  of  topper  at  19'  =  100,  that  of  antimony  =    ■ 
fl'S7,  of  mei^nry  4*(I0,    and  of  bi?miith  2'58,     (Lenz.) — According  to 
Pouiilet,  the  condacliug  powers  uf  platiaum,  copper,  and  palladium  are  M  _ 
25  :  16  :  30.  ■ 

If  it  be  asannied  that  metallic  wires  of  equal  thickness  will  be  maroM 
etrongly  heated  by  the  passajro  of  an  electric  cnrrcnt  in  proportion  a^fl 
their  cfrndtictinc  power  is  Icsis,  the  following  condnctin^  powers  may  fie  T 
deduced  from  tho  degrees  of  heat  actually  produced:  Copper,  silver,  and 
alloys  of  1  part  copper  with  4^,  1  or  3  parH  silver,  100; — gold,  OyC — tine, 
brass,  and  alloy  of  1  part  tin  with  8  part^  copper.  33-3.; — on  alloy  of  li  part 
gold  and  ]  silver,  30;^an  alloy  of  1  puit  gold  with  1  etlrer  or  |  copper, 
84: — an  alloy  of  1  part  tin  anil  1  sine,  22-2;— platfnuiti  and  iron,  20; — an 
alloy  of  3  part^  tin  and  I  zinc,  lft'8;— tin,  lG-6; — an  alloy  of  3  parts  tin 
and  1  lead,  13  3; — an  alloy  of  1  part  tin  and  1  lead,  111; — an  alloy  of  1 
part  tin  and  3  lead,  0-5j — lead,  8-3,   (Harris,  Phil.  Tramact.  I827j  abstr, 
Pijfjfl.  12.  279.) 

Ignited  copper  wire  condncts  better  ttan  the  same  wire  nnignited;  and 
eoft  Btce!  better  than  that  which  Xvab  been  hardened.    (PeItier.)~The  con- 
ducting power  of  a  wire  of  any  given  metal  varies  diroctlv  as  ita  trans-  J 
iTjrso  section  and  inversely  a*  (Tie  square  of  its  length.     (Cliristie.)  I 

Among  ores,  copper-nickel  i^?  the  bc5l  conductor;  tb en  follow  parplol 
coppeff  copper  pyrites,  and  eopper-glanee,  all  three  of  which   rondtict* 
well;   then, — regularly    diminishing    in  power, — inm    pyrites,    arsenical 
pyrites  galena,  arsenical  cobalt,  (wroxidc  of  m.-inganeae,'  Tenaanlite  and 
Ftthlen.     (R.  W.  Pox,  N.  Edinb.  J.  ff  Sc.  4,  gse!) 

Tho  feeble  thermo-electric  carront  of  a  single  pair  of  btematb  md 
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untjtnonj  la  very  well  condnetei  by  sulplinret  of  bismut!i,  galena,  scale 
oxide  of  iron,  protosdliihnret  of  iron,  iron  jtyritefl,  arsenicnl  pyrites,  foppci'- 
jlatjcOf  artificittl  disiiipliuret  of  copper,  ami  purple  cupper; — modemtely 
ircll  by  peroxide  of  niaugaucse  aiid  peroxide  of  lead; — not  sensibly,  wlien 
tbp  eiirfacG  of  coutjw^t  ia  sintill,  by  blendp,  tinstone,  protosulphiirot  of  tin, 
nia|suetie  iron  ore,  specular  iron,  wolfram,  suboxide  of  coppor  solid i Rod  after 
fiisiiin,  red  oxide  of  iiierciiry,  and  cinnabar.  It  ia  remarkable  tliat  Jtn  O* 
and  Pb  0'  abould  conduct  electricity  so  well,  seeing  t!mt  Mri  0  and  Pb  0 
<iu  Qot  transrait  tbe  current,  even  of  a  powerful  battery.     (Faraday,) 

Imperfect  Conductort  or  Seiaii-conditcton, 

a.  Solids.  Cbalk  and  other  minerals,  carthcuworc,  etilpburet  of 
•noTybdenum,  and  tin  pyrites. 

Marekanite  conducts  electricity  well  under  10";  less  freely  at  a  bigheP 
♦omperaturc,  and  not  at  all  at  .37">°;  moisture  is  not  tbe  caitso  of  tlio  djf- 
JTerenee.  Similar  properties!  are  exbibittid  by  common  obsidiiin,  rotitc,  and 
»iatjy  lavas.     (P.  Erman,  Pof/tf.  25,  657.) 

Sulpbiiret  of  silver,  both  natural  and  artificial,  and  likewise  red  ail- 
'yw,  conduct  the  electricity  of  a  battery  of  20  pair?,  feebly  wbou  cold, 
l>ut  more  and  more  readily  as  they  Imcomo  hotter,  and  at  a  certain  teni- 
peraluro  almost  aa  well  aa  a  metal:  on  coidijiff,  tbcir  coBducting  powot 
again  decreases.  Fluoride  of  lead  solidified  and  cooled  after  fusion,  docs 
not  conduct  the  current ;  bat  wlien  heated  to  redness  it  couducta  vei^  I 
weJI,  and  fiL?es  by  tbe  beat  wbicli  the  current  excites.     (Fanulay.) 

A.  Lifpiith.  Water  when  pure  is  a  very  bad  conductor  of  cfectrieity, 
but  acrtuiree  considerable  conducting  |Jower  by  dissolving  a  variety  of 
substances,  even  such  as  do  not  conduct  of  themselves,  e.  *;r.,  bromine, 
KKlitje,  chlorine,  and  aulpbutoug  acid;  it  likewise  converts  solid  insiila- 
lor«  (*nch  aa  silk)  into  semi-coiiductorB  by  nioisloninjr  tliein,  (De  la  Rive. J 
The  conducting  power  (and  dccomposibility)  of  water  are  mo.st  highly 
augmented  by  phosphoric,  finlphuric,  nitric,  and  oxalic  acid,  potash  and 
loda,  Carbonate  aiul  nitrate  of  potash,  carbonate  of  soda,  many  other 
wits,  metallic  chloriJes  and  iodides;  then  follows  carbonate  of  ammoniaj 
then  tartaric  and  citric  acid.  The  following  have  no  influence  on  tho 
coftductintr  power  of  water:  lioracic  and  acetic  acid,  ammonia,  cyanide 
of  mercury,  sagar,  and  gum.     (Faraday.) 

Under  a  pressure  of  30  atmoapbores,  tho  conducting  power  of  water 
does  not  diminish;  that  of  aqueons  nttrie  acid  diminishes  a  little.  (Col- 
ladon  ft  Stumi.) 

Oil  of  vitriol  conducts  less  easily  than  dilute  stdpknric  acid;  the  mai- 
imum  of  eondncting  power  is  possessed  by  a  mixture  containing  30  per 
cent,  of  anbydrona  Hulplmric  acid;  an  acid  containing  20  per  cent.,  and 
likewise  one  of  43  per  cent,  conduct  leM  freely;  and  one  containing  C4 
iHT  cent,  much  ]esa<  (Dp  la  Bive.) — Tho  conductinf»  power  of  watery 
liijitidn  is  increased  hy  beat,  probably  because  their  decompoeitiou  la 
thereby  faoilitatod.     (be  la  Rive) 

The  following  enVistancee,  which  are  non-conductoR  in  the  solid  statp, 
bi'cnme  conductors  when  fused:  Iodine  (Inglis),  ice,  hydrate  of  potash, 
'^ixi'ii' of antimonv,  oxide  of  bismuth,  protoxide  of  lead;  tbe  todidoa  of 
p'vtiuv^ium,  zinc  and  lead;  protiodide  of  tin,  protiodido  of  mercury;  the 
rlilririilr"!  of  potassium,  sodinm,  barium,  ptrontiintt,  mugnesium,  manga- 
'  zinc,  and  eiVvor;  tercblorido  of  antimony,  prutocblorido  of  tin, 
'  of  copper;   fluoride  of  potasaium,    fluoride  of  lead  (oet>  tho 


^asido  of 

vScaif,  manguMte,  chrBwrH*  'nji'^ldhtil" 

e,  phosphate,  Koi  nitnte  of  mmI»;  idlllla 

acKl  phosphate  of  limo  {PAatpiir^flm), 

salphatc,  ami  nitrate  of  leaJ;  phamiala 

ts    wiyitp   of    mercury   and    uitrate    of   ttlrtt. 

"■  *d  &{«dils  by  the  electric  current  as  connected  with 

■  will  o«  oo»isi<iered  furthpr  on. 

MM  vr  vxliaiutioii  ia  a  coudactor.     Tho  mora  mm- 

hmwmrwavii  column  is  freci  frum  nir  and  rmpmt 

' »  A»  fight  produced  by  electricity  pa^io)!^  throogh 

VMaC   perfect   vaciiani    nbtaiuable  liy  tbo  iiir-|MllIU» 

tv  5i>  well  a?  metals:  when  the  metallic  candneian' 

1      ;   1-1  from  one  another,  the  ^loctricil 

• V.    /'-.'.':;.  41,  99.) 

-1  does  pot  conduct  the  current  of  a  Tolt 
Vr.  24nl 

>■  nnd  copper  plates  in  ■water  ftcid 
V — as  may  be  seen  by  the  dccomj 
:cixl  into  the  circuit — through 
L    .  iivB,  that  of  hydro^-en  ;^,  c<»al 
a  tii«  metaUic  conductors  are  placed  1  ,J  it 
'•;.^iv«»]   flame  more  easily,  ftnd  tlirougb  tl 
.'h  the  flame  of  alcohol.     But  even 
ii  vt>ry  feeble,  the  tension  of  th» 

'••Ctricity  is  generated  faster  than 

<.;)ve  electricitv   better  than  negatn 

■n  is  more  complete  when  the  negaliv© 

.  ...-  Mirfiice  thereby  luade  larger  than  that  of 

^  aeiratiTc  wire  is  placed  iu  contact  with  tlie 

in  Um  fiamc,  tho  current   paf^es  mo 

".  is  Bade  the  contrary  way.     Moreo* 

-  -tar  wires  are  placed,  there  be  int 

'."■?  earth,  the  tension  of  the  fiositr 

uw  "irr  j».»i-iii'v  electricity  is  carried  off,  while  tl 

UHNWMft.     In  the  heated  air  above  the  flame  of 

"^  liMtM  takes  place  from  one  wire  to  anothe 

VI— tHll  wit&  the  brass  cylinder  of  the  t&inp 

• 'JMi<«i  iMtk  •  ^inil  form   and  introduced  into  iho 

• ,  nixAnNJMH  will   take  place, — but  not  when  tho 

't«<WiyM(]r  w*^,  on  account  of  the  difficult  oon" 

(Andrews.) 


'nuUti^Mft  (Faraday's  XHdeclrk  Bodies). 

'j%  ykiwyhonia,  sulphur,  selenium,  iodine,-^. , 

'  ''-<aibw  Ittsanatb-glancej  cupreooa  bistant' 

'rlma^t  of  lejul,  black  oxide  of  iron,  gt^ 

11  rv",  cyanide  of  silver  (/^nl 
ker),— the   substances  euur 
cUiie  when  fused  (Fuaday), — i 

>il>  iw>i«lai.tors  both  iu  the  solid  and  in 
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.  .  Etat«:  pL(}8pbora8,  snlphur,  boracic  acii],  greeu  glaagj  irxHdo  of 

ealpfaiir,  blniodtac  of  tiitj  renl^r,  orpinient,  glacial  Eu-etic  acid,  a  tnixtnre 
of  taliow  and  oleic  acid,  camphor,  uuphtlialine,  artificial  camphor,  talLo^v, 
Gooo«v-fat,  spermaceti,  common  reein,  saiidarac,  sLollao,  sugar,  and  caiToiTi. 
{Fsraday.) 

6.  Liquids.  Besides  tliose  abore  enumcmteiir  bromino,  chlnrino,  and 
AilpharoQs  acid.     (De  la  Bive.) 

Tcrchlofide  of  arseDio  and  its  liydrato,  and  bichloride  of  tin.  (Farar 
d»y.)  OUvo-oil  coaJucts  the  electricity  of  a  Zaiiiboni's  pile  lee^  quickly 
than  other  fat  oila:  solid  tallow  does  not  conduct  so  well  aa  oily  fat;  and 
solid  animal  fat  more  slowly  than  the  same  when  lir^uid.  (Rousseun, 
Ann.  Chim.  Pkya.  25,  373.) 

c  Eifuticfimds.     Air  and  all  other  gases  andor  the  ordinary  atmoa- 

5heric  pressure  and  at  ordinary  temperatures,   are  perfect   insulators. 
hey  conduct  ao  much  the  more  qnickly  a.?  their  density  is  dirainislnjd. 
A   comlucting   body  eorrouaqed  by   non-conductorg    is  eaid   to   be 
IntulfUed. 

T  Gutta  Percha  haa  lately  beea  shown  by  Faraday  to  be  one  of  the 
best  aniong  non-conducting  bodies,  its  insulating  power  being  fully  equal 
to  that  of  t>hellac.  It  may  be  used  in  the  form  of  either  tthoet,  rod^  or 
filament.  When  formed  into  cylinders  about  half  an  inch  in  diaiueter,  it 
forme  excellent  insulating  pillars;  and  in  the  form  of  fiue  threads,  it  is 
exceedingly  convenient  for  insulating  light  bodies,  such  as  feathers,  pith- 
balle,  &c.  A  sheet  of  it  is  easily  converted  into  an  elcetrophoru8j  or  it 
may  be  coated  and  used  as  a  Leyden  jar.  ^^'he^  rubbed,  it  shows  tie^a- 
tire  electricity. — All  specimens  of  gutta  percha  stro  not  equally  good  as 
insulators.  The  cut  surface  of  a  piece  which  insulates  well  hits  a  resuious 
lustre  and  a  compact  character,  which  is  very  distinctive;  whilst  that 
which  conducts  baa  not  tlie  same  degree  of  lustre,  appears  le-as  translu- 
cent, and  has  more  the  aspect  of  a  turbid  solution  solidified.  By  heatiny 
it  in  a  current  of  hot  air,  as  over  tliochiniiioy  of  a  low  gaa-flamc, — and  then 
etretchiog,  doabling,  and  kneading  it  for  a  time  between  the  fingers,  as 
if  with  the  intention  of  dissipating  the  moisture  within,  its  inBu]atin.!| 
power  may  be  made  c^ual  to  that  of  the  best  specimens.  {Phil,  Mag.  J. 
32,  1G5.)    IT. 

For  methodfi  of  determining  the  conducting  power  of  bodies  for  tiftC^ 
icity  of  small  tension,  vid,  Wollaston  {FhiL  Tram.  J 823,  20);  Roue- 
(Ann.  Cfum.  Phy».  2j,  373). 

The  difference  between  conductors  and  inanlators  is  one  of  degree 
only.  Electricity  of  high  tension  liks  that  developed  by  the  electrical 
maclunc— anil  in  a  less  degree,  that  of  a  voltaic  battery  of  150  pairs  of 
plates — ia  conducted  even  by  ice,  and  still  better  by  iodide  of  potaasium. 
The  cunimunication  of  one  kind  of  electricity,  cither  to  conductors  or  non- 
conductors, first  produces  a  polarization  of  their  particles,  a  peculiar 
electric  distribution, — eo  that  the  particle  situated  next  to  the  one  at 
which  the  electricity  enters,  takes  n|)  the  opposite  kind  of  cteclricity,  the 
next  particle  the  electricity  opposite  to  that,  and  so  on  throughout  the 
wbolo  masM.  This  produces  a  discharge  of  electricity  between  the  neigh- 
bouring partldea:  the  sooner  tins  takes  jdace,  and  the  smaller  the  cleotri- 
cal  tension  required  to  produce  it,  the  btsttcr  docs  the  body  conduct;  the 
more  slowly  the  discharge  takes  plncn  find  the  higher  the  tension  required 
to  proiluce  it^  the  better  does  the  body  insulate.     Conductora  cannot 
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mnaid  pennan*mtly  f>o)arie*y1; 
polarisod  con  ' 
3.  Thfc  t. 
of  motloD. 


in<>n1aton,  OD  the  other  haad,  retain  their 
Kodiw  is  tho  flt&te  cither  of  rest  ef 


a.  At  rat.    Peltier's  Siaikal  EfectricUy. 

a.  Either  poaitire  or  negative  eWtridty  may  he  ]u<ctttnulat{>d  in  in*n- 
\nteti  cf>ndudort  in  rarioas  quantitte?.     The  jjrcater  this  quatttitj  in  pro- 

Jortinn  <o  (he  surface  of  the  coiidacfor  (it  is  immaterial  whether  the  eon- 
(ir:  low  or  ("oliil)  the  greater  is  the  rlecfrlt^l  btiennttj  or  TVtumn 

of  i!:  tor,  niid  tht  strnrifre^r  the  effort  -which  the  t'lectririty  mftkes 

to  leave  the  fonductor  and  unite  with  the  opposite  electricit j  ia  its  aeigfc- 
boorhowl;  and  thi«  srrf^ft'r  tenFion  probahly  girta  riee  in  moro  rxpid 
inotton  "when  the  < '  is  conducted  awnT-  ^| 

$,  In  an  /fMJi'  -tvo  kinds  of  electricitT  tire  always  presebt  tt    ^^ 

the  same  time,  becanse  the  aeenmnlation  of  one  electricity  at  n  particnlar  "^f 
point  of  sneh  a  body  always  causes  hy  polarisa-tion  the  appearance  of  the  ^MD 
other  electricity  at  the  op|»wiJe  point;  imd  the  tension  of  the  two  electrj-   - — 

cities  ifl  higher,  the  cresiter  their  quantity  iu  proportion  to  the  snrface;- 

they  also  ailhere  to  the  in^nlator  very  strongly,  so  that  (hej  can  only  b«    -^^ 
rraidtiany  rcmored  by  condnctorSj  anlcas  tho  latter  touch  the  whole  enr- 
nee  of  the  insulator. 

h.  In  Motion.    Peltier's  IftfnamicffI  Sledrteift/.    The  twoi  elertrieilies 
lasitrag  from  two  source*  or  (wo  conductors  charged  with  thetii  meet  in  &• 
eonduetoT  and  combine  together,  and  thoa  prod  ace  an  HUctrieal  CarrmL 
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I.  Relattoss  op  thb  two  Electricitibs  to  OStK  akotubb. 

The  two  electricities  have  a  very  great  affinity  for  each  other,  a,ud 
exert  a  powerful  tendency  to  combino  together.  From  their  cumbinntion 
rosnlts  tattnt  or  Qui«»ctnt  BleancUVf  which,  according  t^  tho  electro- 
chemical theory,  is  nottuDg  else  than  Ug-ht  and  heat. 

By  various  causes,  the  btent  electricity  in  bodies  is  reoolred  into  posi- 
tire  and  negative  electricity,  which  are  set  free  at  ?arioiu  points. 

1.  dsmbinrUvm  of  the  two  Eltetrkitia  wiih  eaA  other. 

When  a  tody  in  which  pisitiTB  electricity  is  accumulated  is  broncht 
ncjvr  naother  charged  with  negative  electricity,  the  two  electricttiee  com- 
bine together;  and  if  they  are  present  in  equal  quantitie?.  both  Wlica 
ap[>ear  perfectly  ceatral  after  the  combination  has  taken  place.  Tho 
conibinatton  is  attended  with  tho  development  of  light,  heat,  and  mag^netto 
phenomena.  Insulators  which  oppose  the  combiaatiou  are  often  riofently 
torn  aaimdcr. 

Tho  tendency  of  the  two  electricities  to  nnite  shows  itself,  when  the 
two  bodies  in  which  they  eiist  are  moveable,  in  an  approximation  of  tho 
bodies  themselves: — Bodies  oppositely  electrified  attract  each  other. 

If  the  two  bodice  are  i^eparatcd  by  a  thin  film  of  a  non-conductor,  the 
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PelectrSuittes  break  througli  it — provided  they  bar©  snfBcknt  tonaion 
-aod  a  ?park  is  produced  iicppinpanicd  by  a  noise.  (Elecirie  Shock.) 
I'be  duMtiou  (if  an  elcetric  f-park  is,  according  to  Wheatstone,  only 
second.  If  the  nrj.n-con<Jiictor  be  solid,  like  glass,  it  is  pierced;  tho 
ic-  effect  takes  place CTon  with  semi-conductors  und  (rood  conduttnrs — us 
rtlb  a  card  or  tinfoil — when  tLey  aresnrronndcd  with  air  and  placed  iti  a 
Ithia  film  between  tbe  two  oppositely  electrified  conductors.  When  a  card 
lie  pierced  in  this  way,  the  edjjes  of  tbe  bole  are  often  raised  in  tlje  direc- 
Vtion  of  both  condoctors,  po?itirc  aa  well  as  negative.  Tinfuil,  according 
Ito  MoU  [J.  rhffi.  90,  39fl),  often  exbibita  two  bolca  with  their  edge* 
t4irned  in  opposite  directions,  aft  if  tlie  poslttro  electricity  had  gone 
ttrongh  the  one  and  tire  negative  through  tlic  other. 

Tiie  light  of  the  ^park  is  Tarioiisly  coloured,  [larHy  according  to  the 
'lensity  of  the  elastic  medium,  partly  according  to  its  peculiar  nature. 
ni.  r)nTy,  Ann.  Chint.  Phyn.  20,  168:  Grotthusa,  ScKk.  14,  163; 
Faraday.) 

\Viien  tbe  combination  of  the  two  electricities  takes  place  throagh  a 
eondnctor  brongbt  in  contact  with  both  the  electrified  bodies,  and  tbe 
quantity  of  the  combining  electricities  ia  considerable,  the  conductor  becomes 
keated  to  tbe  moat  vivid  incandescence,  and  fuse.?.  Platinum  and  iron 
wire  foHC  in  the  cireait  of  a  powerful  voltaic  battery;  if  the  wire  bo  im- 
mersefl  in  water,  the  water  boils,  A  given  quantity  of  common  etectri- 
city  heats  a  wire  to  the  eanio  degree,  whatever  may  be  its  intensity. 
fH arris.) — Currents  from  different  voltaic  batteries  which  prodaco  e(|u'al 
deflections  of  the  magnetic  needle,  nii!5e  tbo  temperature  of  the  conduct- 
ing wire  in  the  same  degree:  if  a  wire  O'l  inotra  in  length  proditcos  a 
deviation  of  20'',  and  becomes  heated  10°,  a  wire  several  metres  long 
will  sIbo  have  ita  temperature  raised  ]  0",  when,  by  a  proportionate  increase 
in  tlio  power  of  the  batteiy,  its  deviating  power  baa  been  made  equal  to 
20".  Witb  the  same  wire,  an  angmentation  in  the  power  of  the  battery 
raiaea  the  temperature  in  a  higher  proportion  than  it  increases  tbe  de- 
flecting power:  when  the  deflecting  power  is  doubled,  the  degrco  of 
beatytg  is  trebled.  Witb  wires  nf  different  thicknesses,  tbo  Tieating  power 
increases  more  rapidly  than  tlic  transverse  section  diininislie!?;  when  tho 
latter  i.?  reduced  one-half,  the  former  is  increased  three-fold.  (Peltier.) 
If  the  connecting  wire  of  the  voltaic  battery  consists  of  three  pieces  of  pla- 
tintiiu  and  three  pieces  of  silver  soldered  together  alternately,  the  platinum 
nlone  becomes  red-liot.  If  a  platinum  and  a  silver  wire  are  connected 
together,  tbo  platinum  becomes  red-hut  before  the  silver:  so  likewise  pla- 
ttnnm  with  lino  or  gold.  When  platinum  ia  joined  with  tin  or  lead,  tbe 
latter  metals  fuse  at  tbo  junction  before  tho  platinum  becomes  heated  to 
rednfiM;  but  even  in  this  case  tbe  greatest  rise  of  temperature  takes  place 
ill  the  platinum.  Wlien  platinum  and  iron  are  united,  tho  platinum  be- 
comes! first  incandescent,  tbeu  the  iron  more  strongly  than  the  platinum. 
When  iron  is  united  with  gold  or  zinc,  the  iron  neconies  incandescent. 
Zinc  is  more  strongly  heated  than  silver,  copper  more  strongly  than  gold. 
The  more  »lowly  metala  conduct,  tho  more  intensely  do  they  become 
heated;  and  according  to  these  experiments,  they  succeed  one  another  in 
Uio  fallowing  order,  beginning  with  tbo  best  conductors:  Silver,  fine, 
Ipvid,  copper,  iron,  platinum.  At  high  temperatures,  iron  seems  to  con- 
(Itiet  less  easily  than  platinum;  for  after  the  action  has  continued  a  certain 
time,  tbo  iron  becomes  the  more  incandescent  of  the  two.  (JCbiblrcn,  Phil. 
Tr.  1815,  363;  also  Schw.  16,  359.)  If  a  concentrated  solution  of  chlo- 
rido  of  calcium  be  connected  with  the  positivB  polo  of  a  strong  Tollaio 
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bftUoty  bj  ■  thick  urire,  *aA  with  the  negative  pole  W  a  thin  wire 
phitiiinm,  tlie  Isttcr  Wcomcs  incaodcsceiit,  fuses,  and  falls  into  iho  solt 
tion  in  drops  which  follow  oac  another  Tcry  quickly;  bat  if  tliO  thL 
wire  conveys  the  ptisittre  electricity,  it  ignites  but  does  not  fuse.  (Harr.J 
— A  metal  Iteeonies  the  more  strongly  heated,  tho  more  slowly  it 
dact«  and  the  lem  capacity  it  ha,s  for  heat.     (Rie«9,  Po^g.  H,  78.) 

If  a  line  wire  be  soldered  to  an  iron  or  copper  wire,  the  point  of  joBC- 
tion  becom**  inore  etrongly  heate<i  when  the  xinc  is  ©onnecl«d  with  tlx 
negative  than  when  it  is  connected  with  the  posjtivfc  pole.  If  the  com-J 
pound  wire  coosii^ls  of  copper  and  bismuth,  the  junction  becomes  h<<ate 
when  the  copper  is  connected  with  ihc  positive,  bat  cooled  wb«n  thai  J 
metal  is  in  connertion  with  the  ne^tire  pole.  The  opposite  rdation  b 
exhibited  when  copper  is  united  witli  antimoDy,  the  cooling  takin;^  {>!aoo 
when  the  cflp[>er  touches  the  positive  pole.  ADtimony  and  bismuth  gire 
the  strongest  vjiriations  of  temperature,  exhibiting  a  rise  of  temperature  at 
the  jonctioD  when  the  positive  electricity  proceeds  from  the  antimony,  and 
a  fall  in  the  contrary  case. 

[Manv  metals,  especially  antimony,  appear  to  conduct  positive  belief 
than  negative  electricity;  others,  pLrtlcularly  bismntb,  seem  to  be  mot 
capable  of  cooductrn^f  negative  electricity  than  positive.     When  antimonj 
i?  connected  with  the  positive,  and  liis-miith  with  the  negative  pole,  tin 
former  conducts  positive  and  the  latter  negative  electricity  to  the  junction^ 
which  l>econus  heated  from  the  combination  of  the  two  electricities;  but] 
when  tlie  antimony  is  connected  with  the  negative  pole,  the  heat  of  tha^ 
junction  \a  resulve<l  into  positive  electricity,  ivhicb  pa?sea  on  to  the  oega- 
tivo   pole  through    the  antimony  which  conducts  it  most   freely,^nnd 
pegativo  electricity  which  passes  on,  through  the  bismuth  which  giveis  it 
the  readiest  p-isfagc,  to  the  positive  pole.     The  combination  of  the  two 
electricities  and  the  o()nse<{uent  development  of  heat  take  place  where  th^ 
antimony  toticbes  the  negative,  and  the  bismuth  the  positivq  pole ;  Iml 
th<3  junction  is  cooled  by  the  decomposition  nf  a  portion  of  its  beat*,] 

The  c'.ioliug  of  the  junction  amounts  to  3''  R  j  water  placed  in  a  lioloj 
made  at  that  point  bcconicB  frozen  in  five  miuntes,  if  the  rod  has  been  pre- 
vrous^ly  cixded  down  to  0",     IV'hcn  the  experiment  is  continued  for  b 
longer  time,  the  temperature  of  the  junction  again  rises,  becans^  tha, 
bismuth  becomes  j;raduaUy  hcnted  (much  sooner  than  the  antimony,)  mni 
communicatc-s  it«  temperature  to  the  junction.  (Lem,) 

Jf  the  copper  wirea  connecliner  the  poles  of  a  Daniell's  lattery  of  lOO 
pair»  bo  gmdually  s^eparalcd  to  the  distance  of  |  or  j  inch,  the  electrical 
current  will  pas?  from  one  to  the  other  in  the  form  of  a  Inmlnoiw  arch! 
(probably  carrying  fine  f^rticles  of  the  condnetor  along  with  it).     Thai 
positive  wire  alone  becomes  incandegcent,     Similar  phenomena  are  ex-j 
hibitcd  by  brass,  iron,  and  platinum  wires.  (GassSot,  Phil,  Mag.  J.  13,] 
436;  also  Pttfjfi-  46,  330.)     [This  seem?  to  show  tbnt  the  negntive  elec- 
tricity of  the  luminous  arch  is  conducted  more  readily  than  the  positive  j 
electricity,  and  that  conscijuently  the  two  electricities  combine  together] 
in  the  wire] 

Charcoal  placed  between  th$  poles  of  the  deflagrator  emiU  as  mncItJ 
light  as  1600  candles.  (Hare.) 

If  the  direction  of  tlic  conducting  wins  is  from  North  to  South  and  a 

•  ,M1  rrniiiik*  cneloted  witbiu  three- tomered  br«cl(ets  contMR  nplmnatiDDs  urord- 
ing  to  tlie  <.uthor'«  Uieorf  giftn  in  Poga.  \i,  1,  which,  irbfthcr  eilal>ti»hed  cr  not,  niif 
usnre  ai  ft  guide  lo  Donijuct  Q9  Ibrougb  Lbe  chwtic  re^gu  of  tli«  thtor;  of  clectrieilT,  i 
however  much  it  in«y  iMf  e  Qiicx|itiii»e4l. 
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xoagtiecic  needte  ij  placed  In  its  neiglibourbood  and  parullol  to  it,  tlm 
SMdIe  cbanges  its  direction,  even  wlieti  the  ek>ctricitie8  which  are  cuin- 
Violtig  in  the  wire  have  but  a  very  feeble  tension,  provided  only  tUeir 

Saiintity  he  Bufficictitly  great.  When  the  poaitivo  electricity  enters  at 
[ifl  uttrtb  end  of  the  wire  and  the  negative  cloctrieily  at  its  south  end, 
&ml  the  magnetic  needlo  is?  [jlaced  above  tbe  wiie,  the  uorth  pole  of  tlio 
ueetlle  turns  to  tbo  west;  if  the  needle  is  below  the  wire,  Its  north  pole 
tunus  to  the  ea£t.  If  the  needle  is  placed  on  the  same  level  with  the 
wire  and  ou  its  eastern  side,  the  north  pole  moves  upwards;  but  the  same 
pole  acquires  a  downward  motion,  when  the  needle  is  placed  on  the  western 
•idc  of  tliB  conductor.  Wo  may  imagine  that  (be  twti  eleotricitiea  move 
Utmagh  the  wire  towarda  one  another  in  apiral  lines,  the  positive  electri- 
city moving  to  the  right  and  disturbing  the  north  pule  of  the  magnetio 
Oe«(Uo,  tbo  negative  electricity  turning  to  the  left  and  disturbing  the 
■onth  pole.  (Oerstedt.) — One  pole  of  araovcahle  tuagnetic  needle  revolves 
eobstantly  in  one  direction  round  a  wire  conveying  a  current  of  clectriuicy> 
—and  with  a  different  arrangement,  the  other  pole  revolves  in  the  con- 
trary direction.  (Faraday.)  A  melallie  wire  twisted  in  the  form  of  a 
Lelix  bebaves,  while  an  electric  current  is  running  through  it,  eiiaetly 
like  a  m&gnet,  showing  a  north  pole  at  one  end  of  the  helix  and  a  Boutli 
pole  at  the  other.  (Auipi-re  &  Arago.) 

Theae  eficets  are  best  exhibited  by  voltaic  electricity,  on  account  of 
its  greater  quantity;  but  common  electricity  likiBwiso  acts  on  the  magnet, 
when  it  is  convoyed  from  the  conductor  to  the  wire,  not  in  sparks,  hut  by 
fine  |K)ints,  or  damp  threads,  or  rarefied  air,  (Colladon,  JPi»^*jf.  8,  33t) ; 
Norrenbcrfr,  Zc'd^h,  Ph.  math.  3;  Fjiniday.)  E(]ual  (juantitios  of  elee- 
Iricity  <"omljtning  together  in  tlie  wire  iu  the  same  time  produce  equal 
effects  upon  the  magnet,  whatever  may  bo  their  tension.  Hence  the 
(l«Bectii)n  of  the  needle  shows  the  aUocdute  cjuautity  of  electricity  which 
ia  pofibing  through  tlie  conductor.  (Faraday.) 

The  Ehctrkal  MtUtipiUr  or  Gahanomttct  invented  by  Scliweigger 
consists  of  a  magnetic  ueodle  (or  of  several  needles  fuBteued  together 
With  their  opposite  poles  placed  over  one  another)  suepended  by  a  deli- 
cate ibrond  and  aurroundcd  by  100  or  several  hundred  coila  of  n  copper 
wire  covered  with  silk.  By  this  arrangement,  the  electric  current  is  made 
to  circuhite  many  times  round  the  needle,  and  tho  cffecta  of  its  several 
parts  become  added  together,  eo  that  a  very  email  quantity  autliccs  to 
produce  deviation.  (Schweigger,  S'^ic.  31,  1;  32,  320;  Oeretedt,  ScJiw. 
52,  H;  Norreuberg,  Zett»chv.  Ph.  Math.  3;  Becqnere),  Fogg.  2,  206; 
Nobili,  8,  338;  20,  213;  Nervander,  Ann.  Ckini,  J%t/*.  55,  15G.) 

Tho  electric  current,  besides  its  dtvitUiiuj  or  drflccliiu!  action  on  tba 
magnetic  needle,  likewise  exhibits  a  mai/iietuhi'j  actiuu:  If  tJio  wire 
through  which  llie  current  passea  bo  twisted  in  a  spiral  funu  round  a 
mtt'is  of  iron,  the  latter  will  t>ccome  stroui^ly  magnetic,  as  long  as  the 
current  p.isscs  througli  the  wire.  Hteel  likoxvise  retains  a  part  of  the 
magnetism  thus  developed  iu  it,  after  the  cunent  bae  ceased.  A  etppl 
wire  aUo  becomes  magnetized  when  placed  outside  tbo  helix  and  pitmlkd 
ta  it,  but  the  magnetism  thus  excited  is  weaker  and  the  direytinii  of  the 
poles  is  the  reverse  of  that  in  the  farmer  position  of  tho  needle.  TIio 
electro-magnetic  action  is  not  provenled  by  surrouuding^  the  uoedle  by  a 
glua  tube.  (Ampere  &  Arugo.) 
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2.  DeccmjHuition  of  L<UaU  Ehetncily  into  U$  tuw  oppotiU  kindt: — 1}4 
velopmtj^  of  SUctricUy. 

A.  £UetriGUy  hy  Induction. 

When  a  conductor  is  charged  with  one  kind  of  electricity — positirc  for 
exq.inple^i»  BC^)uratt!<i  fruin  aQothof  contaiaiog  only  latent  elcctrieitj,  h\ 

a  non-con  J  iift<jr  eucli  as  air,  >;lai<s,  viirnish,  &e.  tbe  tendency  of  tlje  piK?H 
live  electricity  of  the  first  conductor  to  combiue  with  the  negative  cloctrij 
city  of  the  eecood  cau^ea  the  latcat  electricity  of  the  latter  to  be  resolve 
into  its  tvo  parts,  the  negatire  electricity  goin^  towards  that  part  of 
the  ecconJ  conductor  whii'li  \&  nwirest  to  the  firat,  wLUat  tho  jH>»itiv( 
electricity  appears  ia  the  free  i^tate  at  the  other  cud. 

Since,  tui  ttppeats  from  this,  one  kind  of  electricity  deTclo|>e5  the  epp    _ 
site  kind  in  a  noJy  coiitatniiiif  oitly  latent  electricity,  and  endeavours  tdl 
uuit«  with  it,  it  follovB  that  eloctrified  bodiea  will  attract  even  those  inJ 
which    the   electricity   is    wholly  latent.     Hence    two    easilj   moveaUo^ 
bodies  sugpended  in  air  appear  to  re-pel  one  another*,  hecause  they 
attracted  by  those  particles  of  air  which  have  not  yet  received  any  ek 
tricity  from  the  bodiea,  and  are  therefore  Id  a  condition  to  supply  tKfl 
opposite  l%iud  of  etei'tricity.     This  takea  p^acc  lo  tbo  greati?:-t  extent  witk 
tliusQ  parttcleg  of  air  which  are  i^ituated  btyund  the  two  electrided  Lodie 
and  least  with  those  between  them. 

Whin  the  tension  of  tlie  positlvo  electricity  iu  tha  firit  conductor,  V\i 
of  the  nepitiTe  electricity  thereby  dereloped  in  the  second  bccoriic^  fiiffiJ 
cicnily  great,  th&  two  electrieitiea  make  their  way  throtiuh  ihg  interpo^oi] 
non-conductor  in  the  form  of  a  fpark  (the  eo-c^lfcd  simple  tlvtric  fpari), 
<tt  of  a  luminous  brush,  and  combine, — and  both  coiidnclora  subsequentlj 
contain  an  excess  of  positive  electricity  of  le^  tension  than  that  wkic 
previously  existed  in  the  first  conductor. 

If,  before  this  oonibination  takes  pliice,  the  positive  end  of  tlie  s-icoud 
conductor  be  connected  with  tho  gronnd  bymeaua  of  another  conductoin 
the   positive  electricity  passes  away  to    the   earth,  while  the  negative 
rcnmios  in  the  second  conductor.     Tlhia  ia  the  priacipl".'  of  tho  £{cciro 
phortit,  the  CondtnseT,  uud  tho  Ley>kn  Jar. 

B.  Ma^tta-El€ciriciijf. 

If  either  polo  of  a  magnet  be  thrust  within  a  metallic  Spiral  coune 
with  n  galvanometer,  a  momentary  deviation  of  the  needle  will  be  pro 
tliiccd,  the  north  and  south  poles  of  the  magnet  producing  opposite  ell«cts.l 
If  a  horseshoe  magnet,  or  a  horseshoe- formed  kcefior  Itclougiug  to  it,  bq 
eiirrnnnded  with  silk-covered  wire,  and  the  two  ahaqicued  ends  of  thu 
wire  amalgaraated  and  niado  to  touch  each  other  loosely, — then,  oa  suda 
denly  pnUiug  the  kee[)er  oflT  the  niagnet>   an  electric  spark  will   paa^' 
between  the  ends  of  the  wire  as  they  are  separated  from  one  another  by . 
the  jerk.  (Faraday.)     In  iXtG  Maijutto^Iwiric  Machinnil  V'lxn.,  Saxtorpli^J 
&c.,  the  lior&eshoe-formed  keeper  is  surroUDded  with  wire,  and  the  horse 
alioe  ma^ct  is  made  to  rotate  rapidlyf,  so  that  ite  two  poles  alternately 
a[)[>roach  the  two  ends  of  the  keef>er.     Tho  direction  of  thu  current  ii 
the  flpiKil  is  reversed  with  each  half-revolution^  but  by  meana  of  tlu 

•  Tbc  boftiei  arc  or  course  aapposed  to  be  similftT];,'  electrified.     [W.] 
"f  Tku   Tery   clumtf  nrniDgetDeat   soon  frll    into    ilisuse:    in   atl   luogiieclo-cto 
maaluaea  at  preMDt  naeil,  the  magaee  i*  Axed  aaii  the  keeper  revolveii.     [W.J 
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r,  iBfttt«re  mar  be  so  ariuTiged,  that,  iia  tlio  electricity  issues 

creu  tLo  extremities  of  tbe  apiral,  all  tLe  positivQ  electricity  may  be  coui- 

aimiculed  to  one  conductor,  and  all  the  negative  electricity  to  another. 

Induction. — Two  helices  of  wire  coverud  with  silk,  gumlac,  or  caout- 

t«liooc,  and  wound  in  the  sama  direction,  arc  placed  pamllol  to  eai:h  other 

I  or  one  wilhiu  the  other.     If  now  an  electric  current  be  passed  through 

[oae  ef  thct«  helices,  the  primary  belii, — then,  at  the  first  instant  of  its 

fiaaat^,  a,  current  in  the  opposite  direction  will  be  developed  in  the  other, 

1  the  jtccondary  helix :  and  at  the  moment  when  the  current  in  the  primary 

'  helix  ccaauB,  a  current  will  pass  through  the  secondary  helix  in  the  same 

Jireetif>a  a&  that  in  the  primary  helix.     If  an  iron  cylinder,  or  still  better, 

a  bundle  of  thin  iron  rods  covered  with  silk,  he  placed  within  the  aecou- 

A^ty  helix,  the  current  in  that  helix  will  he  of  considerable  etrength. 

(Far*day.) 

C.  Electricitif  of  Capillarity  i 

If  ono  end  of  the  galvanometer  wire  be  connected  with  a  platinum 
isontaining  a  liquid,  tho  other  with  a  pair  of  fofcepa  holding  a 
otjs  IkkIv,  an  electric  current  ie  set  up  on  dipping  tho  body  into  the 
lt(]uid,  and  continues  till  the  body  is  completely  saturated  with  tho 
liquid.  With  hydrochloric  or  nitric  acid  and  spongy  platinum,  positive 
I  olectrictty  goes  from  the  jiJatiDunj  through  the  galvauometer  to  the  acid ; 
with  nitric  or  dilute  sulphuric  acid  and  chtircoal,  the  current  lasts  about 
two  Uoury  and  travels  in  the  opposite  direction,  (Becquerel.)  In  the  caae 
of  charcoal,  chemical  action  may  he  supposed  to  come  into  play,  and 
likewise  in  that  of  the  platinum  when  it  has  not  been  very  strongly 
ignited.  (Gui,) 

D.  EUdi^ciiy  of  tie  Solar  Saifi  ? 

When  the  sun  shioea  on  a  perfectly  dry  glaea  plate,  the  latter  be- 
comes electrical;  a  second  plate  on  which  the  light  falls  after  passing 
through  tho  first  doea  not  become  ho;  neither  docs  heating  by  fire  produce 
electricity.     (Mattewcci.) 

E.  Elitlrtcily  of  Cry&talt. 

Vlfmuy  oiyst&is,  while  they  are  being  heated,  exhibit  opposite  electri- 
'  cttieti  at  their  opposite  ends.  Those  extremities  which  are  positive  while 
i  tbe  temperature  ia  rising,  become  negative  as  the  crystal  cools;  and  con- 
I  V«raeljr. 

Cryslal-eloctrioity  ia  exhibited  by:  Tonmialin  (iEplnus),  tojiaz  (Can- 
ton), axinito  (Ucard),  boracite,  prehnite  (both  tho  tadiaut  and  fihroua 
varieties  according  to  Von  Kobell,  Kastn.  Arckiv.  13,  388),  sphcno,  zinc- 
gla»,  and  uicsotype,  (Hauy);  (also,  according  to  Brewster,  Grccniaud  mc- 
Kotypc,  nkolezite,  and  niesoUtc),  rock-crystal,  amethyst,  tartaric  acid, 
Rochcllc  *alt,  and  common  sugar  (Brewster);  rhodizite  (borate  of  mag- 
ia,  £r'.  Jloie),  neutral  tartrate  of  pota>ih  (Haukel),  and  in  a  slight 
by  milk-sugar  (Biittgcr,  Poi/ff.  43,  653).  Besides  thcae,  the  fol- 
intj  are  enumerated  by  Brewster  im  cxhibitiup  crystal-electricity: 
Diaiuuiid,  sulpLnr,  sulphate  of  ammonia,  carbonate  of  potash,  chlorate  of 
pt^iiiuih,  heavy  (<par,  ci>elestin,  calcepar,  flnor  spar,  sulphate  of  umguoaia, 
nilphutc  of  ma!,Tie3ia  and  soda,  beryl,  iolite,  diopside,  yesuvian,  garnet, 
analcinio,  red  orpimcnt,  Icad-epar,  green  vitriol,  ferrocyanide  of  potaasium, 
ts>rT>>-ivB  «ubliniate,  oxalate  of  ammonia,  citric  acid,  and  acctalo  of  lead. — 
Siuoo,  hpw'oYcr,  Brewster  merely  examined  whether  those  bodies  after 


being'  heateil  in  a  flame,  oxliibiteJ  any  signs  of  electric  excUomcat — ^an 
effect  wbkh  might  proceed  from  varioiia  causes — ibe  correctness  of  Iiis 
Btatement  xs  duubtcd  bj  Hnnkel,  wLa  exauained  most  of  tbesc  sutisk»ace$ 
ftuJ  found  no  signs  of  crystal-eloctricity  in  them. 

Most  of  the  crystafs  sibuve  enumerated  are  nnB^mnietrical,  i'.  e.,  thoy 
exhibit  dilTerontly  formct!  faces  al  tlieir  corresponcling  ends.  Moreover, 
Httnkcl  remarks  that  rock-crystal  in  tho  solid  state,  and  neutral  tartrate 
of  potash,  Rocbclle  salt,  and  common  sug'^r  in  the  state  of  £oluticru,  are 
aaitf  by  Blot  to  exhibit  circular  polarisation  of  light. 

Tourmalines  are  generatly  more  strongly  electrical  in  propoitiwtt  a« 
they  are  darker  in  colour,  and  havo  fewer  crerices  in  their  interior.  (G. 
Ru!-e,  I^«>fff-  39,  320.)  Many  of  tfaem  become  electrical  only  when  sud- 
denly heated  and  cotdod.  Snmll  tourmalines  are  mere  easily  excited 
thnn  large  ones;  and  fra^meutfl  more  readily  than  entire  crystals, 
(Becquerel.)  Even  the  most  finely  divided  tO\irmaliuo  powder  is  elec- 
trical, 80  that  when  warmed  it  adheres  together  and  to  the  awrfaco  on 
which  it  rests.  (Brewster.)  Wlien  a  tourmaline  is  heated,  positire  ttec- 
tricitv  apiwara  at  that  end  of  the  prism  which  has  either  a  single  right 
teruunal  face,  or  merely  the  three  faces  of  the  primitive  rhombohedronj  or 
both  kinds  uf  faces  together, — or  in  addition,  the  faces  arising  by  trnncation 
of  the  torminiit  edges;  and  the  negative  electricity  at  that  extremity 
which,  tojfcthcr  with  ihe  right  secondary  plane, has  abothe  three  laet  named 
fxwjes,  or,  together  with  the  three  faces  of  the  primitive  rhombohedron,  like- 
wise the  three  faces  of  a  hm  obtuse  one.  (Kohler,  Poffff.  17,  14C.)  It  ib 
only  during  heating  and  cooling  that  the  tourmaline  shows  sign.s  of  elec- 
tricity; as  long  as  the  temperature  remains  stationary  after  heating,  it 
shows  Doiic;  but  OS  soon  as  tlio  temperature  begins  to  fall,  the  oppotiite 
electrical  state  is  suddenly  esBiablished.  If  only  one  end  be  heated,  that 
end  alone  bocoraea  electrical,  the  electricity  diminishing  gnwluaJly  townrds 
the  cold  end  till  it  is  reduced  to  nothing; — when  the  heated  end  is  cooled, 
itacfjuires  tho  opposite  electricity,  which  gradually  diminishes  towards  the 
opposite  cud.  If  one  cud  ia  heated  while  tho  other  is  cooled,  both  c:jbjbit 
the  same  kind  of  electricity.  (Bergman,  Optisc.  5,  402;  Becqucrel.) 

If  the  end  of  the  tourmaline  which  exhibits  positive  electricity  when 
heated,  be  rubbed  with  wool,  it  will  become  still  more  strongly  electrical, 
bcciiUdO  the  friction  likewise  devcjopes  positive  electricity;  but  the  oppo- 
site eud  when  rubbed  with  wool  docs  not  become  electrical,  because  the 
positive  electricity  developed  by  friction  and  the  negative  electricity 
developed  by  heat  neutralize  each  other.  (P.  Ennan,  Po^jff.  26,  GO?.) 

In  boracite,  the  four  summits  of  the  cube  in  which  the  tetrahedml 
faces  arc  absent  become  positively  electric;  the  four  other  iliagotially 
opposed  summits,  which  are  replaced  by  tctrnhedral  face.?,  negatively 
electnc.  (Kuliler.)  In  tho  dodecahedrons  of  rhodizEte,  the  four  corners 
(rhombobedral  summits)  which  have  tetmhedral  faces  become  positively 
electric  when  heated;  the  four  opposite  comers  which  have  uo  sncli  fares, 
negatively  electric.  (G.  Rose.) 

The  short  prism  of  silicate  of  zinc  (electric  calamine)  is  modified  nt 
one  end  by  the  faces  of  a  rectangular  octohedron,  nt  the  other  by  those 
of  a  rbondiic  octohedron ;  the  former  becomes  positively  electric  when 
heated,  the  latter  negatively.  (Kohler.) 

Brazilian  topaz  becomes  strongly  electrical,  Siderian  slightly,  Saxftn 
not  at  all :  when  topaz  is  hcateij,  negative  electricity  appears  at  both 
ends  of  the  prism,  and  positive  on  all  the  lateral  faces.  (P.  Ennan.) 

Skolezitc  and  mcsolile  di?prived  by  heat  of  their  water  of  cryatallio- 
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IJOD  anJ  roduccJ  to  pnwder,  still  sliow  eigna  of  crystal-olectrioity,  (Brew^- 
s4«r.) 

Neutral  tartrate  of  potasli  cryetafUzes  in  right  rhombic  prisms,  bnt 
■ruminated  witfi  two  fticcs  at  tho  acute  lateni]  edges,  and  pcq>cmlicularly 
tninc'itcil  at  ilia  base.  Tbe  firat-mcntioixcd  extremity  shows  ncgativo 
electricity  even  when  pfeutly  warmed,  nnd  positive  ou  cooling;  tha  other 
end  exbibitij  the  opposite  state.  (Haukcl.) 

Tlic  supposition  that  crystal-electricity  procceda  frotn  a  etructure  of 
the  crystal  fiimiiar  to  tliat  of  the  Toltaic  pilo,  is  contradicted  by  the  fact 
thftt  tno  L-hcmicaL  constitution  of  crystals  is  homogeneous, — ^whereas,  in 
the  roltaic  ])ile,  a  mechanical  union  of  heteroj^eneoiis  subetancefi  ia  ea- 
mntlal. 

F.  Tfienm-EledricU^. 

When  one  part  of  &  metaUic  circuit  is  more  strongly  heated  than  the 
reet.aneloctric  current  is  excited  in  it  under  the  followtDg  circiun^taiices  : 
(a.)  When  tlio  circuit  consists  of  a  single  metalj  and  tbo  heating  which 
t*fees  place  at  a  particular  part  diminifthea  more  rapidly  on  one  side  than 
on  the  other;  and  {b.)  When  it  consists  of  two  metals^  and  one  of  the 
points  of  junction  is  heated. 

o.   With  one  Mdal. 

A  metallic  wire  conoscted  with  the  two  ends  of  a  galvanometer  givcB 

no  electric  current  when  heated  in  the  middle ;  bnt  when  each  end  of 

tUo  galviinometcr  ia  connected  with  a  wire,  and  the  end  of  one  of  the 

rirea  is  healed,  and  then  q^uickly  pressed  on  the  cold  end  of  the  other,  an 

Btric  current  becomes  manifest  by  the  deflection  of  the  needle  of  Iho 
'galvanijmeter*  The  direction  and  strength  of  this  current  vary  with  the 
nature  of  the  metal  employed.  In  the  so-called  ponth'elif  thermo-fhclric 
tah  (bismnth,   platinunij  gold,  silver,  copper,    &c.)   positive  olcetri- 

„ y  goea  from  the  cold  piece  ef  metiil  through  the  galvanometer  to  thd 

not  piece;  in  those  which  &t&  iiegativcl);  tkerma-thctrie  (zinc,  iron,  anti- 
muny)  from  the  hot  to  the  cold  end.  The  more  one  end  is  heated,  the 
stronger  is  the  current,  According  to  Yelin,  bismuth  produoea  the 
strongest  current  willi  a  given  degree  of  heating;  then  follows  antimony, 
then  *inc,  silver,  platinum,  copper,  l>rasa,  gold,  tin,  and  lastly  lead;  but, 
ikccording  to  Nobilij  this  order  is  correct  for  certain  temperatures  only. 

A  simple  platinum  wire  connected  with  a  galvanometer  also  producca 
m  current  when  heated,  if  it  be  tied  in  a  knot  at  one  point  and  heated 
near  the  knot;  because  the  more  rapid  cooling  through  the  knot  causes 
unequal  distribution  of  beat  on  the  two  sides;  the  po.sitivo  electricity 
proceeds  from  the  knot  through  the  galvanometer  to  the  heated  part. 
Two  copper  wires  do  not  produce  so  stroag  a  current  when  dean  aa  they 
di>  when  covered  with  oxide  or  with  a  thin  film  of  silver  or  gold,  because 
tho  covering  hinders  the  communication  of  heat  to  the  cold  end,  and 
conseciuently  interferes  with  its  uniform  distribution.  (Decqnerel.) — Mer- 
cury is  not  Ihormo-electric,  according  to  Matteucci  and  De  la  Ilivo;  very 
tligbtlv,  according  to  Peltier. 

[Many  metalti,  ns  antimony,  iron,  and  zinc,  conduct  positive  better 
tliaa  negative  electricity;  others,  aa  platinum,  copper,  and  silver,  exhibit 
the  contrary  relation.  When  a  metal  is  heated,  its  power  of  conducting 
electricity  diminiBhoa  altogether,  but  tho  diminution  is  greatest  with 
regard  to  that  kind  of  electricity  which  it  conducts  least.  When  a 
piece  of  metal  hentod  at  tiro  extremity  tonches  a  eold  piece  of  the  same 
motnl,  tho  heat  diminishca  gradually  from  tho  heated  end  to  the  part  of 
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the  fsjitne  piece  of  motal  in  contaet  with  the  galvanometer,  bat  sii(l<letiljr, 
towar<l3  tlio  cold  end  of  tint  other  piece  of  metal.  Conwqucntly,  in 
heated  platinum,  tbc  coDductinf*  pnwar  ia  most  diuriulslipd  for  p«')eitivQ  | 
elpctricilv;  siucotliia  kiudof  electricitj'  is  least  couductcd  liy  tlie  jjifttinQin 
wlicn  cold;  iti  antinioiiy,  tlie  power  of  coiirlucting  neyatire  electricity 
autToris  tlio  gfeiitcst  Jiuiiauttcm.  Tlte  lieat  accumtitated  at  one  end  of  the 
piece  of  metal  endeavoura  to  diffuse  itself  utiifgrroly  tUrougb  tbe  whole 
metallio  circuit,  but  can  only  do  bo  gnulnally  asa  whole;  its  two  elements, 
the  tiro  electricities,  would  flow  rapidly  round  the  circuit.  Si  ace  now  the 
tondiicting  power  is  different  on  tho  opposite  sides  of  the  hottest  point, 
the  heat  is  docoiupoaed ;  and  in  the  case  of  platinum,  the  positive  cleo- 
tricity  goea  from  the  hot  end  to  the  cold^  and  thence  into  the  galvuiO' 
meter,  while  the  negative  electricity  goes  from  the  hot  piece  of  metal  (which 
from  that  cause  has  less  power  of  conducting  posiiiire  electricity)  into  the 
galvanometer;  so  that  the  two  eloctricitiea  rccombine  and  form  heat  in 
the  colder  part  of  the  metaltic  circuit.  With  antimony,  in  which  the 
condiioting  power  is  greateat  for  poaltire  electricity,  tbe  direction  of  the 
current  ia  the  rererse  of  that  just  deacribcd.  This  action  cotitiaucs  till, 
by  the  passa^  of  heat  into  the  cold  end,  the  rate  of  decrease  of  the  heat 
ceoomes  the  same  on  both  sides  of  the  hottest  point,  and  conse<^uently, 
there  ia  no  longer  any  inducement  for  the  positive  electricity  to  go  one 
way,  and  the  negative  the  other;  for  this  reason,  no  current  is  produced 
when  a  continuous  metallic  arc  is  heated  at  any  point  whateror.] — 
Vid.  p.  3ie. 

Even  when  the  heated  end  is  separated  from  the  cold  end  by  a  body 
in  the  state  of  igneous  fusion,  an  electric  current  is  produced  in  the  same 
direction.     If  borax,  carbonato  of  eoda,  carbonate  of  nota?h,  chloride  of 
pot.isaium,  iodide  of  potassium,  sulphate  of  soda,  or  chloride  of  strontium 
in  the  slttlo  of  igneous  fusion,  be  pljiced  between  twoplattnnm  wirea  aop^ 
rated  by  a  tittle  distance  from  one  another,  and  one  of  the  wires  be  healed       . 
more  strongly  than  the  other,  tbe  positive  electricity  will  go  from  the  M 
colder  wire  through  the  galvanometer  to  the  hotter  wire.     The  ciirrent  ia  S 
eufiiciently  strong  to  decompose   iodide  of  potassium  under   favourable      '' 
oiroumatauces.     If  five  platinum  wires  bo  joined  together  by  four  balls  of      t 
foBcd  borax,  and  the  four  ends  of  the  wires  heated  always  to  the  right  M 
of  the  borax,  a  current  will  bo  produced  sufficient  to  evolve  gna  when  ^B 
passed  through   dilute  sulplinric  acid.      The  borax  and  the  other  salts 
sulTer   no  chemical   chnnK«,      Even   boracic  ncid,   which  conducts  less 
readily  than    borax,  produces   a   di.Htinct  electric   current.      When  the 
carbonato  of  soda  ia    not  perfectly  filled,  the  direction  of  the  current 
18  reversed.     If  the  platinum  wires  are  sei»amteil  by  ghiss,  the  positive 
electricity  pnstses  from  the  hot  platinum  throngh  the  galvanometer  to  I 
the  cold,  when  the  plate  of  glass  is  thin,  or  when  it  ia  thick  and  strongly 
heated ;  but  in  the  opposito  direction  whcu  the  glass  is  thick  and  mode- 
rately lieattd.     A  strongly  heated  film  of  mica  iuterpo.«>d  between  tho 
platinum  wires  likewise  allows  a  little  positive  electricity  to  pass  from 
the  cold  wire  through  the  galvanometer  to  the  hot  wire  (Andrews). — Also 
in  fused  (but  not  red-hot)  phosphate  of  soda  and  ammonia,  sulphate  of 
co|iper  and  jiotash,  anhydrous  acetate  of  soda,  nitrate  of  ammonia,  borax. 
bichromate  of  pota-i^h,  acetate  of  j)ota.=h,  and  nitrate  of  soda,  two  unequally 
heated  piatinnni  wires  produce  an  electric  current,  strongest  in  the  first, 
and  weakest  in  the  last-mcntifmcd  of  these  salts  (R.  Bottgor,  /V/^.  50, 
53).^ — ^If  a  hot  and  a  cold  platinum  wire  connect-od  with  a  galvanometer 
be  dipped  in  water,  or  if,  wlicn  tba  two  wires  are  placed  in  the  same 


1,  hot  water  be  pouted  on  tlio  one  ami  ooltl  on  tLe  other,  poEilivo 
tleclricity  will  pass  mr  a,  short  tliuG  from  tlio  cold  wire  through  the  gal- 
autncter  to  the  hot  wire.  (Nobili.) 

h.   With  Two  Mri(th. 

Wlicn  two  pieces  of  different  metals  counected  with  a  galvanometer 

t  UBlted  bj  goldering  or  by  ibtimate  contact,  an  electric  current  is  eet 

|vp,  M  800Q  as  the  point  of  junction  is  brought  to  a  temperature  difierent 

[{either  higher  or  lower)  from  that  of  the  rest  of  the  circuit.  (Seolwck.) 

^The  strcnglb  of  the  current  appears  to  Ije  in  direct  proportion  to  the  di/- 

leo  of  (empernturc;   its  directiun  depends  upoit  the  nature  of  the 

lis  employed.     The  metals  may  be  arranged  in  ntJiervio-electric  sirke, 

fh,  that  each  metal — when  connected  with  the  one  on  its  left  hand^ — 

ktrsniimita  n^gatire  electricity,  and  when  connected  with  that  on  it«  right 
hand,  positive  electricity,  from  ita  heated  point  to  the  galvanometer. — the 
point  of  jnnction  being  supposed  to  be  heated,  and  vice  versa  when  it  ia 
rookd.  Tho  (strongest  current  is  produced  by  a  circuit  of  bifftouth  and 
BStimony,  these  nietale  standing  at  the  extremities  of  the  series. 
According  to  Yelin,  the  order  is ;  Bismuth,  silver,  platjuu&i,  copper, 
gold,  tin,  lead, — -sine,  iron,  antimony. 

According  to  Bccquercl :  Bismuth,  platinum,  lead,  tin,  gold,  Bilver, 
oepiier, — sine,  iron,  anlimony. 

According  to  Cumniing:  Galena,  bismuth,  mercury  and  niukcl,  plati- 
num, palladium,  cobaJt,  silver  alloyed  with  copper  and  manganese^  tin, 
lead,  brass,  rhodium,  gold,  copper,  osmium-iridium,  silver, — line,  cUar- 
eoal,  jcrraphite,  iron,  arsenic,  antimony. 

The  dash  separates  the  thermo-positive  from  the  thenno-negativo 
^  aoeiaU;  the  conjunction  and  is  placed  between  two  metals  of  equal  thermo- 
^K  electric  power.  The  discrepancies  in  the  etatements  of  dlUereot  expefi- 
^■MMitere  induce  the  supposition  that  the  direction  of  the  current  iisxifi'ectGd 
^^H^biipurilies  in  the  metals,  and  varies  with  the  lUfTcrence  of  temperature^ 
^^Hat  the  Utter  may  really  be  the  ease,  will  appear  frum  the  following. 

When  iron  is  moderately  heated  in  contact  with  copper,  tiilver,  gold, 
biMB,  or  line,  positive  electricity  proceeds  from  the  iron  through  tho 
yn^Tanometcr  to  the  copper,  &c.,  but  when  the  heut  ia  stronger  from  ths 
copper,  &c,,  to  the  iron,  (Ciimming.)  The  reversal  of  the  direction  of 
tho  current  takes  place  at  a  dull  hkI  beat,  when  copper  and  iron  are  the 
OMtaU  employed.  (Becqucrcl.) — Zinc  and  gold  produce  at  70°  a  feebld 

kcnrrcnt,  wliich  passes  from  the  zinc  through  tho  galvanometer  to  the  gold; 
at  l.'iO^  this  current  ceases;  at  180^  an  *>ppositc  current  seta  in,  and  be- 
eoinf*?^  vfTj  <ttri)ag  at  275°.  On  tho  coutraiy,  with  zinc  and  silver  at  4 
H^  furCj  positive  electricity  piuees  from  the  eilver  through  tho 

^^  ;  into  the  zinc.     This  current  attains  its  greatest  strength  at 

170  ,  (Ittiii:  !i'  nt  a  higher  temperature,  ceue*  at  SSS°,  and  is  revoraed 
at  ttill  hi,')i .  r  t<  mperatorcs.  (BecqnereL) 

Tli«  ^rtber  two  raetala  are  separated  in  the  thermo-eleotric  seriee^ 
sad  the  higher  tho  temperature  of  their  point  of  jnnction,  the  more  power^ 
fol  w  the  dcctric  current  j  but  it  ia  always  small  in  quantity,  and  of  Tery 
feeble  tension, 

[Since  liirmnth  conducts  negative  electricity  better  than  positive,  and 
aiitir  I  ■  •-•  .'Tidncfs  positive  electricity  better  than  negative,  it  follows,  from 
ibi  -  laid  down  on  page  321 ,  that,  on  heating  the  point  (»f  juuctioa 

of  u :.ils,  the  negative  electricity  will  pa«a  through  tho  biomuth,  and 

I  Uia  pofitiru  through  the  antimony,  towards  th«  colder  \)axl  uf  \k«t&KAA^^ 

^  1 
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oienttt.     \l1ke«.  oo  tbe  olli«r  hand,  the  potnt  of  jmuetMa  >-  i»»^i.'»  .«ii'",fi*i 
iftas  tW  nrt  of  Um>  eircuU,  heat  is  <lecon)pc>scJ  iti  the  ■war 
diy  MigBtiTn  eicrtricity  tbroii<!;li  (lie  bismatli,  and  poatiiTc   i..i-'i.L..i   i 
wmibtmmj,  lowairiis  the  point  of  junction;   hence  »   rerene  cunvtit 
■uritiiiL     The  effect  prDduce*!  m  a  circuit  of  hismnth  and  antimony  il 
KlswiM  •btainod  with  any  other  pair  of  nictab,  vae  of  whiciL,  like  plati- 
■na  areopfiar,  h»  greater  comlucting  power  for  poeittre  electricity,  th«| 
Mkar,  lik«  stB6  or  iron,  for  negative  electricity.     la  tbe  case  ot  tw4 
KMtla»  hath  of  vhkh  cootitict  oitekltid  of  electricity — t^p-t  neeative  clc4 
>riri<y    hatl«r  ll»a  tbe  other,  it  most  be  observed  that  this  power  l>c]on£ 
I*  tha  twa  ■atak  IB  different  degrees,  e.^.,  to  bismnth  mere  than  pkiionni,' 
■■i  til  |faliaMM  Mam  Ihaii  copper.    In  sneh  a  case,  the  negative  electricity 
«3I  atwa^ra  ttxval  Ihnm^  that  metal  which  has  lelatively  tlio  greaterj 
I— f  af  tmH^mi^j  it,  aad  tbe  ponttre  electricity  throngli  the  other/ 
irhkk  iflaftiTtly  ofliBrs  it  the  least  raaiataDce.     Tbe  reversal  of  the  diiMH 
laa«  «f  th*  Mmal  ateertaia  tmapetatoRs  seems  to  imply,  that  the  power] 
af»  wHal  lacaariiet  mm  kind  of  electricity  in  preference  to  the  ot' 
v«»w«  with  the  ltti|itiatgre.] 

^  iwliaiaj;  a  MMber  of  tbennoHeJeetric  pairs  into  a  thrrm'O-eledT 
Btttrrf,  €%*i»t  «r  PiU^  a  poverfal  Ibermo-electric  current  may  he  0*11 
laiM<l:  «.  jt., «  Matahar  af  wn  of  biamoth  and  antimony,  or  of  platinanl 
aiw)  in*.  aHcfmatal^  aoMierai  together,  and  heat  applied  to  tbo  first,! 
^n),  nth,  Ac,  powta  of  janettoo,  whiH  the  second,  fonrth,  i&c,  are! 
ka>l  «aM.    la  thia  aUHaer,  tbo  tbcTmo-electric  cament  prodnces,  not  oulrl 
4nlirtiaa  «f  tba  iwcdli^  Wt  likewin  cheraical  decompomtions:  of  liquicfil 
(Bala^  IHg(y>  SS»  tSS),  aad  heating  edfecis, — so  that  eren  when  one  of  thai 
MMfthaelMf  viias  af  nw  Wttew  is  cooled  by  immenion  in  ice,  the  point  | 
•f  hmm6m  «f  tlwt  win  akaaleJ  witbost  tbe  ice  becomes  sensibly  wanned. 
(Wart:iM»/lU:  Jfi^L  J.  14,  81;  aba  A^y.  4«,  497.)— MeUoni's  Thtrmo 
mmkif^ifr  «r  fVrMeeafM  {p,  S14)  ia  alao  a  pile  formed  in  this  TD^nncr  1 
bars  »i  biaaiath  tml  aMMMttJ,  tad  eaaaected  with  a  ^I>-anoiuet<>r.     Thej 
rays  of  heal  £UI  «a  the  lii,  9rd,  5tb,  &c^  points  of  junction,  whilst  the 
t»l,  4th.  Air.,  ar»  kfft  cooL     Tbe  »njkst  diffensc«  of  tempemlam 
bat««att  th*  two  cet«  of  jaaetioBs  safieea  to  produce  deTuatton  of  tbo  j 

A  th— u  iWttiii  pile  of  bisuBtb  aad  antimony,  which  exhibited  | 
•a  aHioii  e«  th*  iia^aet,  wbCb  heated,  a6[|aire<d  this* power  penuaucntly  1 
«h«a  ftvmmi^  ^^9f*^  ^  *  MC«ttd  in  nitric  acid  of  1  4  specific  gravity,  i 
(D«hatafaM,  /%9.  4»,  588L) 

O,  Sttttrititf  If  Frietiom :  C^waioa  El«in<»tf. 

Solid  bctdi««  becoaae  oppositdT  deettified  when  rubbed  on  otic  anr^ 
ther,  aad  to  a  certain  extent  wbea  meretj  pccsard  together  and  afterward} 
waiahJ  Hownyeeeom  bodiea  for  the  moei  pan  exhibit  tlii?  rr^utt 
••^  wWMk  their  awfMM  an  in  diffneat  states,  or  when  they  differ  in 
laantiMatBra ;  with  hiKUKtgmiom  badki^  tbe  derelopment  of  electricity  is 
mmtn  rreater. 

Wbcn  two  parallel  faeee,  aslatal  01-  artificial,  of  a  mineral  are  prcdeed 

Wt««c«i  the  fiajprn^  tbe  niaefal  frrqaentlj  beeonee  electrinil  on  these  mr- 

^MMfallyahowiajepMitiivalectricity.  Calc^parreUins  the  electricity 

_^  WTvtnped  Irmb  three  t*  «4«vien  day*,  topsx  and  fluor-spar  eeveml 

s  »a»ea  oae  or  two  hov  n,-stal  (or  a  diortcr  time.     Talc 

be  iikmlatod  ia  or\lor  :  .-trical;  heavy  spar  and  eypvum 

ft  oetwiUy  el«(iri£ed.  (ilau^-.)— .\ceor£nf  to  Be^aercl,  not"*  %ntt 
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electrietty  Is  perccptiblo  while  bodies  are  being  proeaed  together;  it  is 

lot  till  tlioy  are  eojiaratetl,  that  tlie  one  ajjijcars positively,  the  other  npi^a- 

"velj  clectrifioJ.     A  slico  of  cork  becomes  positively  electrilied  when 

i6«?ctl  ngaiust  a  slice  or  plate  of  caoutchouc,  orange-peel,  rctinaspljalt, 

",  aiul^r,  ziiiCj  copper,  silver,  eyaiiitOj  or  heated  double  refracting  spar, 

ese  eiibslanccs  at  the  same  time  hccomiug  iicgativo.     On  the  contrary, 

"ice  of  cork  becomes  negative  with  all  dry  animal  substances,  with 

spar,  gypsum  {whiuh  must  be  freed  by  drying  from  liygroecopic 

),  fluor-spar,  and  double  refracting  spar,  not  heated, — those  substaacos 

the  same  tiuie  becoming  positive,     Two  good  conductors  preeecJ  togo- 

X  exhibit,  when  Keparated,  no  other  electricity  tliau  that  developed  by 

contact-     Two  similar  bodies  do  not  becouvo  electrtciil  by  pretiEiure 

less  one  of  them  is  at  a  higher  temperature  than  the  other;  and  then 

3    hotter  body  always   becomes  negative,  the    colder   positive.       The 

igth  of  the  clcctricUy  thus  developed  depends  upon  tlie  nature  of  the 

ilea,  the  state  of  their  surfaces,  the  intentjity  of  pressure,  and  the  rapi- 

ity  of  separation.     Cork  produces  more  electricity  with  calcspav,  when 

W  pressure  is  exerted  on  one  of  the  faces  parallel  to  the  cleavagc-plaoce, 

with  Jioavy  spar,  with  the  latter  more  than  with  polislicd  roch- 

and  with  this  more  than  with  gypsum,  or  with  the  polished  surface 

Fcakspar,  and — ^wherv  pressure,  temperature,  dryness,  and  po)ii-h,  of  the 

left  surfaces  arc  equal,— three  times  as  much  with  calcspar  aa  with  gypsum. 

The  intensity  of  the  electricity  varies  directly  as  the  presanre, — so  that 

rheti  the  latter  is  doubled,  the  former  is  doubled  also.     Lastly,  if  the  two 

frulies  which  have  been  pressed  together  are  slowly  separated,  the  two 

lectricitics  have  time  to  reunite,  and  a  much  smaller  quantity  remains  in 

tlic  free  state  after  the  separation.  Bodies  rendered  electrical  Ly  jires* 
«Hfc  retain  tho  electricity  for  a  longer  time,  in  proportion  as  their  iusu- 
^ing  or  non-conducting  power  is  greater. 

These  jdienonieria  are  aseribeil  by  Becquerel  to  the  same  cause  as  that 
rhich  produces  the  following  ctfccts,  observed  by  himself.  When  two 
kminro  of  a  crystal  of  mica  are  suddenly  torn  asunder,  there  is  not  only 
tn  appearnticc  of  light  produced,  hut  one  lamina  become.^  poaitively,  tho 
thor  negatively  electrified ;  if  again  pressed  together  and  subsequently 
fparatod,  they  again  appear  electrified.  Also,  on  the  cleavage  of  calcspar, 
luor'Spar,  heavy  spar,  topaz,  talc,  and  dry  wanned  gypsum,  and  on  tear- 
lag  a  playing-card  into  its  two  sfaoets,  the  ^parated  lainiuse  appear  oppo- 
BteJy  electrified.  In  topaz,  whose  cleavage  takes  place  parallel  to  the 
linal  faces  of  the  prism,  the  cleft  surface  belonging  to  one  end  of  the 
ism  exhibitj?,  sometimes  one  kind  of  electricity,  sometimes  the  other. 
I'hcn  melted  shellac  is  poured  upon  glass  and  pulled  ofl' after  cooling, 
Jib  become  electrified. 
Non-crys(allino  boilies,  such  as  sealing-wax  or  glaaa,  exhibit  no  elec- 
"  ^whcn  broken,  (Vid.  CrdL  Ann.  17W«,  1,  325.)  In  the  former 
„,  the  Gcparatiou  of  bodies  united  by  pressure  produced  electricity;  in 
|>re«ent  case,  it  is  a  union  produced  by  cohesion  that  is  overcome. 
Jewiuerel,) 

If  sulphate  of  copper  and  potash   be  brought  into  a  state  of  red-hot 

fiLiton  in  a  plutintim  crucible — connected,  by  u  ring  of  wire  on  which  it 

r»  •<(%  with  a  Hobncnberger's  electrometer — and  theu  left  lo  cool,  no  clec- 

Uit.il V  will  be  apparent  during  the  crystallization  ■  but  as  soon  a*  the 

^^M;i  '        ■    :  >^  begins  to  contract  witii  an  audible  decrepitation,  und  fiilts 

^^■('.  nilty  and  spontaneously,  tho  formation  of  each  new  fissure 

^^Ccompaiiad  by  a  development  of  electricity,  and  the  effect  g«;ca  or  till 
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tho  whulo  miVM  is  cramUletl  into  dust.  (B.  Bott^ger,  Poffg,  50,  43.) — Tw» 

slicfitd  of  uDNtzcd  |inpL>r,  inipre^nated  witli  Li»t  wax,  Kliok  fust  tugetW 
wlicn  rnWtcil  willi  n  letitUor  cu»lilo(i;  ami,  oa  beiiiy  jiullod  aBunder  wliil* 
wann,  aro  fr>ii!ul  to  Ijo  cleclrified  sufficiently  to  produco  a  apark.  (SlmOD, 
Ar.  JrcAir.  31,  210.) 

According  to  Hfiiiy,  the  following  eulialanees  bcconio  positirrlv  c.'1«m^ 
trif-al  wlicii  rubbud  with  woolloo  clotb,  ulld  are  likewise  iitaulns^rs;  Di*- 
iiioinl,  ^uljdiate  uf  [latajili,  nitrci,  coiniiionaalt,  witlicrilc,  lioavy  ^lor,  •Inn- 
tittnite,  double  refracting  s|»iir,  arragonite,  ajiatito,  ani\y«!ntf>,  jrrfiBum, 
glaulierito,  fluor-Kpat,  boracito,  bitter  spar,  sulphate  ol  liir«, 

BiiiiicU,  ehrysolieiyl,  quartz,  zircon,  emerald,  cuclaso,  Ivj  luiir, 

cliiiiiitolite,  axinite'j  touniiallD,  garnet,  cinnaiiion  etoae,  vcsuvian,  felspwJ 
prclinite,  mica,  apopbyllito,  bomblonde,  actynolite,  trcmolito,  SMgiv 
din]i!-idc,  ppidtitc,  ncpLelin,  mesotype,  stilliitc,  analctinp, — and,  iu  eliof 
prnbubly  all  cambiiiatiouB  of  rartliit,  alkalid,  and  mineral  acid^  auioo| 
thumselves  occurring  in  tb«  mineral  kingdum,  with  the  oiception  of  talc 
mnreover,  electric  calamine,  zinc-si»ar,  tinstone,  lead-spar,  sulphate  of  Ic 
Bjibcne,  and  tungst&ta  of  lime.- — Tho  foliowing  bocomo  positively  eleclrid 
and  are  conductors :  Bi«mutb,  xtac,  katl,  copj^cr.  brass,  silver,  and  t-ilvee 
■mftlgaiiL  Non-condnctoria  becoming  negatively  electrical,  are:  Sul}iliiil 
talc,  anatase,  titanschorlr  uraDito,  cobalt-bloom,  orjiiment,  blende,  pltoftpha 
of  load,  molybdate  of  lead,  diroraate  of  lead,  spGcolar  iron,  j^roea  vitrin 

triiFsiaQ  blue,  cube-ore,  red  oiido  of  copper,  malachite  (which  somotima 
ecomes  positive),  blue  carbonate  of  copper,  pecndo-mabicbito,  bine  ritrie  , 
ditmtase,  cbrysocolla,  arsenlate  of  copper,  cinnabar,  subcblorido  of  mercary^ 
or  liorn-quickBilver,   red   siher,  aiubor,   relinaiphalt,  olaHtio  potrolcum 
(Erdhar^),  honey-stone,  and  anthracite. — ^ConJuctorii  Itecoiuing  negativeh 
electrical  are;    llraito,  allanite,   tantalite,  yttro-taiitalito,  wolfram, 
plmret  tif  niolybdciiura,  chrome  iron  ore,  pitcb-blendcj  [peroxide  <»r  man;;! 
ueae,  aulphurot  of  manganeee  (mang^an-glnnz),  earthy  coliah,  arseuio,  ant 
moiiy,  nativo  sulphuret  of  antimony,   black   tolluriuiu,  biamatli-j 
tin,  tin-pyrites,  galena,  iron,  graphite,  magnetic  iron  oro,  red 
magnetic  pyrites,  native  ferroso-forric  sulphate,   iron  pyriles, 
pyrites,  copper- glance,  grey  copper,  nickel,  copper-nickel,  naiiCTn 
of  tin,  ritroQUs  eilver,  antimonial  silver,  gobl,  platinuin,  and  pail adinm.. 
When  the  cryBtalline  structure  is  imperfect,  the  pfoperty  of  bocomi 
electrical  by  friction  is  often  absent,  and  eo  likewise  is  the  iniiuktiii 
powers  e.g.,  calc-spar  and  stataary  marble.     Want  of  polish  nn  the  aai 
&oe  also  frequently  interferes  with  the  insnhiting  power,  and  pnuluc* 
negative  instead  of  positive  electricity,  -wlion  the  substance  i«  rubbed,  e.j 
In  <piart<, 

Inaulated  metals  rubbed  with  the  dry  hand,  or  with  horn,  ivot 
wood,  or  cork,  become  electrical, — ^rhodiuin,  platinnm,  palladium,  gol3 
cobalt,  nickel,  tellurium,  and  antimony,  always  negative,  the  last  vet 
strongly, — stiver,  copper,  brass,  and  tin,  mostly  negative;  zinc  and  ii 
sometimes  negative,  eomctimee  positive;  lead  and  bismuth  (the  latter 
the  highest  degree)  positive.     It  is'lo  be  supposed  that  all  metnls,  if  jk 
laotly  clean,  would  become  negati^'e;  but  since  the  more  oxidablo 
beoome  covered  with  a  thin  film  of  oxide,  a  portion  of  this  oxido  oft 
fkdheres  to  the  rubber,  and  the  metal  becomes  poBJtivo  Uy  beiujf  rubl 
with  it;  or,  if  the  film  of  oxide  holds  faster,  Uio  friction  t^i-kca  jijaco  U 
tween  thJe  oxido  and  tho  wood,  fkc,  in  conseipience  of  which,  tfi©  met 
bocomee  negative.      FreshJy  pohahod   metjils  rubbed   with  new  woi,_ 
always  become  negative,  except  load  and  biemuth.  which  are  »oatetimos 
rendered  positive.  {De  la  Rive.) 
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On  rubbing  loijetiiDr  two  metala  coaneeted  with  the  ends  of  tbo  ga 

notiK'tfir,  tbe  following  order  in  observed,  bcpinninj^  witb  the  mot 

in  negative  witli  all  otbers;  BJismuth,  nbkelj  ciobuU,  jiulladltu 

lum,  lead,  tin,  gold,  BJlver,  copper,  zinc,  iron,  cadmium,  antimouj 

the  thermo-electric  Bcrics,     Nevortbfk'ss,  Becquenjl  ia  of  opinion" 
Iglj  perbaps)  that  the  prodttotiou  of  electricity  in  this  manDer  can- 
attributed  to  the  heat  developed  by  frictjou. — ^A  button  of  biatnuthj 
lony,  iron,  ar  pUtiiiutn,  rubbed  ob  a  plato  of  iLo  aaino  motal,  be- 
poflitife;   zinc  likewise  exhibits  this  actioa  in  u  Elight  degroo, 
or  granules  of  metal,  as  well  tis  metal lio  oxides  or  eulpbur^t^,  lot 
on  a  pljito  of  the  samo  metal  phicod  io  a  ijlaqting;  pndtiou,  always 
»rac  uogative;  eo  hkewiee  does  rough  glass  w lieu  rubbed  ai»on  emootlu 
rel.) — To  tins  claaa  of  effects  bolongs  aliso  tbe  eloctrimtion     ~ 
_  era  let  fall  through  eieves  made  ofdiflbrent  materials.  _ 

Finely-divided  copper,  obtained  by  rcduciog  carbonate  of  copper  by 
IStjatia  of  hydrogen  gae  at  a  very  low  temperature,  becomes  strongly  e  loo-, 
~  ienl  when  presided  together.  j^M 

Perfectly  dry  oxalate  of  Itme  beconiee  positively  electrified,  in  so  hi^P^ 
Wree,  merely  by  stirring  it  with  a  rod  of  glaas  or  platinum  (wliJob  at 
ri&nie  time  becomes  rtcigative]j  that  the  powder  'm  lifted  oat  of  tb 
sin  which  contains  it,  (Faraday,  Qu.  J.  ofSc,,  19,  338.) 
Sulphur,  wax,  tallow,  cocua,  or  chocolate,  after  fusion,  and  calomel  i 
nbUmatioD,  left  to  cool  in  a  glaaa  or  metallic  v$^ol,  i^huwe  no  aign  of 
Btricity  on  its  upper  surface;  but  very  strong  electrization,  often  euffl- 

E~"\t  to  give  sparks,  on  the  surface  which  has  been  in  contact  with  the 
sol.    The  electricity  is  f^enerally  posJtivej  but  with  sul])hur  I  havcaomo- 
ea   found  it  to  be  negative,  whilst  the  inner  surfa<!a  of  the  vessel 
libitj  the  opposite  electricity  in  an  equal  degree,  (Vid.  CitU.  Ann. 
14,  %  119;  178(J,  1,  325;  GilL  23,  230;  Kastn.  Arehiv.  6,  472.)    These 
momona  were  formerly  attributed  to  the  existence  of  positive  eleo» 
tlicity  in  a  state  of  combination  in  liquids,  this  positive  electricity  being 
^^inpposed  to  ho  rnt  free  on  the  passage  of  the  body  to  the  solid  state.    But 
^Hjfauie  the  positive  electricity  does  not  show  itself  on  the  upper  surface  of 
^^pba  solidified  mass,  but  only  where  it  is  in  contact  with  the  vee^pl, — and 
^^■Inee,  according  to  Gay-Lussac  {Ann.  Ckim.  Fkys.  8,  159),  no  negatira 
^^•lectricity  \&  set  free  during  the  fusion  of  motalB  in  glass  veeselfl, — which, 
Iiowevcr,  ought  to  ensue  if  positive  electricity  were  rendered  latent  during 
the  li'iuefaction, — it  is  Letter  to  supposB^  with  Gay-Lussac,  that  tbe  eioc- 
Iricity  observed  in  this  process  proceeds  merely  from  the  friction  oceo- 
aioDod  by  the  unequal  contraction  of  the  lioUdifying  body  and  of  the  glaas 
T088el  with  which  it  is  in  contact,  and  from  a  partial  separati:ou  resulttog 
from  the  eame  oause. 
I  The  following  experimonta,  however,  cannot  well  bo  explained  oa 

^Kpoch  a  supposition.  When  water  is  allowed  to  freeze  in  a  Loyden  jar, 
^|che  lusiidiii  of  the  jar  becomes  slightly  positive,  the  outside  filightly  ncgn* 
^^kve;  the  rapid  deposition  of  ice  la  the  form  of  hoar-frost  produces  the 
^Kentnuy  effect.  (Grotthuss,  Jnii.  Chim.  Phya.  27,  111,)— If  a  ghus  bulb 
and  a  tube  about  001  or  0-02  metre  long  attachetl  to  it  be  cnmpteicly 
[^filled  with  water,  surrounded  with  cotton  moistened  with  ether,  and 
j^kloccd  under  the  receiver  of  the  air-[iuinp,  an  olectric  tpiirk,  vihiblo  even 
^Vbv  dfiy,  will  dnrt  out  of  the  ttibo  the  moniout  bofuro  tho  liquid  frcoieflt 
(PontiH,  /.  Chim.  Med.  0,  430.)  " 

ilegToo  and  kind  of  electricity  which  two  bodiee  assumfi  i 
Qgethor  vary  with  the  tomperature,  the  presauro,  and  iLi 
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metric  stale  i>f  tin?  atf.     (Dessatgnes,  J,  Pht/t.  82,  360  and  413;  fi3,  4,« 
194  ami  415.) — A  glaea  tuW  nibbeJ  with  a  cloth  perpcndicttlarly  lo  itrl 
axis  becomes  positive;  but  when  pressed  uuder  the  arm  and  rubbed  tmck- 
wards  auj  forwards,  pjirallcl  to   its  aiM,  it  geueralij  beconioa  nega- 
tive. (Gm.) 

According  to  Wallaston's  view,  friction-electricity  always  proceeds 
from  oxidation :  for,  according  to  that  pbilosophcFf  glass  gives  no  dectrtcitv 
when  rubbed  with  an  aroalgara  of  ailvcr  qppiatinum,  becaose  these  met&k 
are  not  oxidable.  It  is  more  powerfully  excited  by  zine-amal^ftm  than  by 
tin-amalgam,  because  the  former  is  the  more  oxi Jable ;  and  still  more 
strongly  by  a  mixture  of  the  two,  which  oxidates  most  quick ly  of  rU. 
According  to  Wollaston,  aleo,  an  electrical  machine  gives  no  electricity 
when  made  to  work  in  carboiiic  acid  gas.  But,  according  to  Gay-Lnssac, 
electricity  is  obtained  in  carbonic  acid  gaa  when  the  gaa  ia  dry ;  according 
to  Sir  H.  Davy,  it  is  also  obtatnod  in  hydrogen  gas,  and  more  abundantly 
in  earhojjic  acid  gas  than  in  the  air;  and,  according  to  Peclet  (Atitu  Chim, 
Phpi.  70,  83),  the  electric  excitement  is  equally  strong  in  diy  airj  cu- 
Iwuic  acid  gas,  and  hydrogen  gas. 

On  the  dcvelojiinent  of  electricity  by  friction  depend  the  EltcCrv' 
pkoriu  and  the  Electrical  2faekine,  which  yield  electricity  of  the  greatest 
tension,  i.  t,  accumnkted  in  the  greatest  quantity  on  a  given  surfaoe, 

H.  Development  of  Ekctridiy  bij  Chtmieal  Changes  in  Ponderable  Bodies: 
Chemical  Electrify. 

c.  By  Cftemical  Combination,  \ 

During  the  combination  of  two  eubetances,  a  very  email  quantity  of 
electricity  often  shows  itself  in  them.  In  oxygen  which  comoiacs  with 
combustible  bodica,  and  in  acids  which  combine  with  salifiable  liases,  the 
electricity  ia  positive  i  in  combuelibie  bodies  and  i«aliSab1o  bases  it  is 
negative. 

t Oxygen  contains  jjositive  electricity  in  a  state  of  combination, 
lustiblo  bodioa  negative  electricity.  When  theae  pondenilde  bodies 
combine,  their  opposite  electricities  also  come  together  in  the  form  of  fire; 
but  under  ccrUiin  circumelaucos,  ;i  very  email  quantity  of  them  appears  to 
remain  unconibincd,  so  that  a  trace  of  positive  elcctnoity  shows  iteclf  on 
tho  side  of  the  oxygen,  and  a  traco  of  negative  electricity  on  the  side  of 
the  combustible  body.  This  ia  also  Pouil let's  vie^v,  as  far  as  combustiorif 
are  concerned.     Similarly,  with  adds  and  saiifiabla  bases.] 

To  render  this  feeble  electricity  sensible,  one  of  the  oodies  must  Iio 
placed  in  connection  with  the  upper  plate  of  the  condenser  of  a  Bohnea- 
Wger's  electroscope,  and  the  other  with  the  ground;  or  elee  the  two 
bodies  must  bo  respectively  connected  with  the  two  ends  of  the  galvano- 
meter. 

When  coals  are  burnt  in  the  air,  negative  electricity  nccumnlates  ia 
the  vessel  in  which  the  combustion  takes  place.  (Lavoisier  &,  Laplace.) 
An  insulated  stove  in  which  a  strong  cos!  fire  is  burning,  becomes  negative; 
the  electricity  is  strongest  at  eaoh  addition  of  fuel  (Williams,  PhiL 
Map.  J.  18,  93.) 

If  II  cylinder  of  charcoal,  burning  only  at  the  upper  end.  be  placed 
on  the  cover  of  tlio  condenser,  negative  electricity  soon  atcumulates  in 
the  condenser;  to  a  still  greater  degree  when  the  combustion  is  fed  with 
oiygeti  giiB.  If  the  bui-ning  cylinder  bo  connected  with  tho  ground,  and 
s  metal  plate  communicating  with  the  cover  of  the  condenser  be  held 
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orer  il  at  tbe  distanco  of  a  few  iocbes  or  a  foot,  the  ctmdineet  will 
boeoiutf  uoaiUveljr  elcctric.il.  If  the  chnfCoal  cylinder  burning  at  one  cn»l 
be  Iftid  horUoDtally,  or  if  it  he  placed  upright  and  made  to  ham  at  the 
mlc  insitcad  of  on  the  top,  no  electricitj  will  be  perceptible,  becwise  tlis 
ncpitivo  electricity  of  the  charcoal  will  be  neutralized  by  the  pttcHire 
tleetricity  of  the  surrounding  air.  (Pouillet.) 

When  hydrogen  gas  issuiDj^  from  a  metal  tube  U  set  on  fire,  the  cover 
of  •  condenser  connected  with  the  tube  becomes  negative.  If  the  tube  be 
eoBBCctetl  with  the  ground  and  a  metal  plate  held  at  eome  little  di«tance 
above  the  flamo,  the  plato  oonveya  positive  electricity  to  the  plate  of  (he 
OOlktleusor.  When  the  hydrogen  issnes  from  a  jrla«a  tube,  negative  elec- 
Iridiy  U  obtained  by  introducing  into  the  niiddie  of  the  flame  a  narrow- 
fcl\  ..(  t.l-.tinum  wire  connected  with  the  condenser;  but  if  the  coil  be 
*■  li  to  aurround  the  flume  without  touching  it  in  any  part,  the 

elfc^.xx.xr  will  be  pobltivo.  A  metal  plate  held  over  the  flaiDe  doe«  not 
beoomo  electrical  when  the  gas  ie  burned  from  a  glass  tube, — becaosa  the 
glsM  insulates,  and  consequently,  the  two  electricities  neatralize  one 
uiotiier  within  the  flame.  The  flame  of  alcohol,  ether,  oil,  tallofr,  or 
wax,  exhibits  the  same  effects  as  that  of  hydrogen  gas.  (Pouillet.)  In 
tb«  eombujtion  of  alcohol  In  the  lamp  without  flame,  ne^tive  electricity 
Uso  aocumulates  in  the  spiral  wire,  and  positivfe  electncity  in  the  sut* 
loandiiig  air.  (Becquerd.) 

Pliitf  (Pogg.   51,   110)   regards  these  Etatcments  !w  erroneons,   and 

yeerta  that  not  a  trace  of  electricity  is  apparent  in  the  combustion  of 

I^^B^n  gas,  phosphorus,  sulphur,  zinc,  alcohol,  or  ether;  only  in  tbo 

^^^Bstion  of  charcoal  is  there  an  indicttion  of  negative  elcctricitv;  bnt 

1^0  pi>Hitirc  electricity  can  be  detected  in  the  carboitic  acid  which  rises 

from  it,  he  rcgnrda  the  phenomc'non  as  proceeding  from  thermo-electricity, 

A  thin  copper  tube  throngh  which  a  dry  mixture  of  chlorine  gaa  and 

air  in  pa««ed  becomea  negative;  the  gati  subsequently  trangmitted  thfougb 

a  platinum  tube  renders  it  poeitive. 

On  connecting  the  ends  of  the  galvanometer  with  two  iron  wires,  a  and 
inserting  a  into  a  piece  of  charcoal,  then  heating  to  redness  both  the 
oal  with  the  end  of  the  wire  a  enclosed  in  it,  and  alfio  the  extremity 
the  wire  b,  and  connecting  the  latter  with  the  charcoal,  a  strong 
rt^'Ut  will  pa«8  from  the  wire  b  through  the  galva&oincter  tu  the  wire 
honcM:,  in  this  case,  the  carbon  act*  the  part  of  oxygen  {i.e.  in  ita  com- 
atioa  with  the  iron    of  a,  positive  electricity  is  set  free  in  it,  and 
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l^tive  **lfclricitv  in  the  iron].  ^Becejuerel.) 
For  the  investigation  of  the 


restigation  of  the  development  of  electricity  in  the  combi- 
itm  of  two  Itquida,  or  of  a  liquid  and  a  solid,  the  pieces  of  sprpanaliw 
prc!«cuted  in  Plate  IV  are  UMrfuI. 

App.  1.  A  platinum  spoon  containing  a  liquid  is  connected  with  one 
id  of  the  galvanometer.     With  the  other  end  i»  connected  a  iwir  of 
[ilutinuui  forceps,  in  which  a  solid  body  can  be  fujitcncd  so  as  to  (lip  into 
^tiM  liquid. 

■  ^  Af>}K  2,  Two  cuite  or  beakers  a,  I,  into  which  arc  pltin)(<Ml  tho 
HUtinum  terminations  of  the  galvanometer,  contain  two  dilli-ronl  liquid* 
^Ehich  nre  connccled  with  one  another,  iMtlrer  by  u  bunch  of  ttiiln'»itu»  nr 
^titon-thri.adM.  or  by  itn?an«  of  a  «iphim,  filled,  *<jm)'tiino«  with  ouo  of  (Imi 
^Wuids,  KoniiUiiiii-fl  with  a  liquid  dilTercut  from  both. 

"^  App.  3.  A  U-akcr  glaivi  iu  cut  in  halves  in  tt  vorlirnl  dirc''  •  ■  t 

after  a  »hoct  of  hihuhiiin  ]ia|>cr  ha«  l>ceit  iunirrlml  into  il,  Imuh 
logetlirr  again.    Into  the  two  divii<ionB  fonned  by  lUu  pnp«'r  pm  i  ncd  i .  ., 
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different  liqni  Js  are  ponfed,  and  the  plaUuam  ends  of  the  gnlrsnomoier 

Lli|tpi>it  into  lijom. 

App.  4.  TLo  lower  part  A  of  a  U-tube  is  stopped  up  with  cuttou,  «s- 
bettus,  or  oiay,  mobtened  witb  a  euitnble  liijnid;  theu  tlie  arai  a  ie  liUed 
with  tliie  aaine  liquid  and  tiie  arm  6  M'itli  another. 

App.  5.  Tlio  L'xtrfjuity  b  of  the  U-tube  being  stopped  with  tbo  finder, 
tlio  hih)  a  itj  (illcd  with  tlic  heavier  liquid;  the  eud  a  h  then  oloacd,  the  end 
b  opimeil,  and  the  lij^Llcr  liquid  carefully  poured  in  at  this  end,  6U  that  it 
way  JidpoBe  itself  in  a  separate  etratma  above  the  heavier  litjUid. 

App.  ft.  A  hole  having  been  made  in  the  bottom  of  a  bcakcr-glaae^ 
abd  oue  af  the  platinum  ends  of  the  pilvanoraeter  cemented  into  it,  the 
two  liquids  are  carefully  introducetl  into  the  glass,  one  above  the  other, 
ood  the  other  platinum  toniiination  nmdo  to  dip  into  the  upper  liquid. 

App.  7.  A  gla«8  tuba  a  has  its  lower  extremity  either  tied  round  with 
ft  hludder  Of  stopped  up  with  clay  moistened  with  a  liquid.  It  contains 
a  ]i<^uid,  and  dip^  with  ita  lower  end  into  another  liquid  contaiuetl  in  the 
boakor  b.  Into  a  and  b  the  platinum  ends  of  the  ^Ivanometer  are  made 
to  dip, 

App.  8.  Two  glasH  tubes  a,  6,  closed  at  the  bottom  wilt  bladder  or 
moietcncd  clay,  are  tilled  with  difTeront  liquidsj  and  mode  to  dip  by  their 
lower  emb  into  the  liquid  in  the  dish  C. 

Acids  u'Uh  AcUh.  The  platinum  spoon  (App.  1)  containing  oil  of 
vitriol,  and  the  spongy  platinum  in  the  forceps,  nitric  acid,  positive 
electricity  goes  in  considerable  quantity  from  the  oil  of  vitriol  through  the 
galvanometer  to  the  nitric  acid.  If  the  oil  of  vitriol  be  previously  diluted 
with  one-hair  water  a  strong  current  is  set  up  in  the  oppoBite  direction.  In 
the  former  case,  the  action  of  the  oil  of  vitriol  on  the  water  of  the  nitric  acid 
probably  comes  into  play,  (Bscquerel.) — ^From  oil  of  vitriol  {App,  3) 
positive  electricity  pasaefl  in  small  quantity  through  the  galvanometer  to 
nitric  acitl.  (Do  la  Rivo.)^ — Positive  olectricity  goes  from  phosphoric  acid, 
through  the  galvanometer,  to  sulphuric,  hydrochloric,  or  nitrio  acid; 
negative  from  nitric  to  hydrochloric,  hyponitric,  or  acetic  acid.  ( [teeqne- 
rel.) — FositivGelectricitvgoeafrom  oil  of  vitriol,  through  the  galvanometer, 
to  concentrated  hydrocfiloric  acid  {-^pp.  2  or  7)j  on  the  contrary,  from 
concentrated  nitrio  acid  to  oil  of  vitriol  {App.  2  or  7).  IF'a/^ieT.'— Poeitir* 
electricity  goes  in  largo  quantity  from  slightly  dilnted  oil  of  vitriol  throngh 
the  galvauometar  to  nitric  acid.    {App.  5,)     Mohr, 

Concentrated  A cidd  with  dilute  Adda,  From  concentrated  sulphnriQ 
or  hydrochloric  acid,  positive  electricity  goes  through  the  galvanometer  to 
the  same  acids  in  a  state  of  dilution.  {Apfi.  2  or  7.)  Walck-er. — From 
concentrated  uitrio  acid,  a  feeble  current  paesos  through  the  galrauonietcr 
to  dilute  nitric  acid,  diminishing  iu  intensity  as  the  2  liquidii  are  moved 
ftbout  at  their  surface  of  contact.     Oipp-  o.)     Faiadaif. 

Acids  u>Uh  Wakr.  From  concentrated  sulphuric  or  nitric  acid  con- 
tained in  the  spongy  platinum  in  the  forceps  {App.  1),  positive  electricity 
goes  through  the  galvanometer  to  water  In  the  platinum  spoon, — weak  at 
first,  but  continually  becoming  stronger,  as  the  water  by  taking  up  acid 
booonies  a  better  conductor, — then  gradually  diminishing  in  force,  till  the 
liquids  have  bccomo  completely  mixed,  when  it  stops.  With  hydroeblorio 
acid  and  water,  the  current  takes  the  opposite  direction;  so  likewise  with 
boracic,  oxalic,  and  citric  acid,  which  are  fixed  in  the  forceps  in  the  eolid 
state,  (Beequcrcl.) — With  sulphuric  acid  and  water  or  ice,  positive  elec^ 
tricity  Twsses   from   tiie  water  through  the  galvanometer  to   the  acid. 
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Acuts  tpiih  Sulfg,  Poeitiva  electricity  gma  from  phoephorie  acii  _ 
^»M«j.'Ii  tlie  f,':il7i)nonjoter,  to  solutiona  of  all  salts;  from  nitric  aetd  to 
►lutious  i>f  eulfjhutcs,  cliloriJes,  and  nitrates  (Becquere]); — from  nitric 
Sid  to  solution  of  nitre.  (H.  Davy). — Positive  olcctricity  goes  from 
tlpLuric  aciil,  tlirongU  the  galvanometer,  to  the  sulphates  of  potash, 
ifipcr,  finil  roil  oiiile  of  mercury;  from  hydroohlorio  acid  to  diloriile  of 
D<jisi-iiuu,  sodium,  barium,  or  calcium,  and  from  nitric  acid  to  nitro: 
'"Wwsjrs  therefore  from  the  acid  through  the  galvanomctor  to  the  salts  em 
^^lio  flttine  atiid;  pngitive  electricity  also  goes  from  bydrachlorio  aoia 
^^Mfougb  the  galvauonietGr  to  fiulphate  of  mu^neiiia  or  nitre.  (Nubili.) 
^^L-Tbe  curront  goes  ftam  dilnte  aulphuric  acid  thmugh  the  gaVvanumctcr 
to  sulphate  of  zinc  or  copper,  and  from  con  centra  tod  nitric  acid  toaiilphato 

I  nitrate  of  copper.  On  the  contrary,  from  chloride  of  nieroury  to  oil  of 
Iriul,  from  nitrate  of  silver  to  acctio  acid,  and  from  chlorido  of  gold  to 
rtUocbiorlc  acid,  {App,  2  or  7.)  Walchet, 
Acitit  mik  StiUfoMe  Bates.  Positiva  electricity  goes  front  dilute 
Iphuric,  hydrochluric,  or  nitric  acid,  contained  in  the  platinum  spoon, 
Ipp.  1)  through  the  galvanometer,  to  moistened  hydrate  of  potash  in  the 
tcfipB,  Similarly,  from  dilute  acids  to  atfueous  solution  of  potasli  {App. 
S,  with  aaWstUB.)  Bocquerol, — Walcker  also  obtained  a  strong   current 

Kom  the  acid  (hut  probably  through  the  galvanometer i)  to  the  potash. 
araday,  on  the  other  hand,  obtained  no  current  with  dilute  eulpburio 
>id  and  aqueouB  aolutian  of  potash  {App.  3) ;  Mohr  also  obtained  with 
dilute  mulphuric  or  hydrochloric  acid,  on  the  one  side,  and  aciueous  Holiition 


4 
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f  potash  or  ammonia  on  the  other,  either  no  current  at  all,  or  merely  a 
"iglit  disturbance  of  the   needle  at   the  comnionoemont  of  the   action;      , 
^rcDS,  be  fonnd  that  from  conccutrated  or  dilute  nitric  acid,  poaitin^H 
iecirlctty  goes  through  the  galvanometer  to  the  potash.  ^H 

From  sulphuric  or  nitric  acid,  positive  electricity  goes  through  th^^ 
l^lvanomoter  to  aqueoua  solution  of  ammonia  {Noblli);  from  dilute  sul- 


biiric  acid  to  aqueous  ammonia,  soda,  or  baryta  {App,  2  or  7)  Wafci-ep^^ 


^^Kora  stilpliuric,  hydrochloric,  or  nitric  acid,  through  tlio  galvanomc 
^Kd  »oliil  lime;  but,  on  the  contrary,  from    lime-water  through  the  gal- 
^^vanometer  to  the  acid.     It  also  goes  from  solid  Hiue  through  the  gal- 
^^puiomctcr  to  aqueous  solution  of  arsenic,  oxalic,  or  tartaric  acdd,  and 
^|t«m  aqueous  ammonia  to  oxalio  acid.  (Nohili.) 

If  tiydrated  phosphoric  acid  be  fused  in  one  arm  of  the  tJ-tu 
^^^App.  5)  and  hydrate  of  potaeli  or  oxide  of  lead  in  the  other,  positi 
^Bvlwtricity  goofl  from  tho  acid  through  the  galvanometer  to  the  base  (es| 
^Hmally  with  pota!>h)  in  sutBcient  quantity  to  produce  a  alight  decompoeiti< 
^Hof  iodide  <if  potassium.  (Dulk  &  Moser,  Pw/ff.  42,  tH.) — From  nitric 
^Vacid,  piieitive  electricity  goes  through  the  galvanometer  to  oxide  of  lei 
(Faradiiy.) 

i^tiltii  with  Water.     When  sulphate  of  soda  or  chloride  of  barium 
dissolved  in  water,  a  feeble  positive  current  goes  from  the  water  throngli 
the  galvanometer  to  the  salt.  {BecquerelJ     From  a  solution  of  nitrate  of 
■ilver  in  12  times  its  weight  of  water  positive  electricity  goes  through  tlio 
alvanfimcter  In  pure  water.     (Feohner.) 


trio 


C'orterntrattif  u<itk  diluU  tallnt  tohuiom.  Positive  electrictty  goes  fro^H 
concentrated  solution  of  common  eaft  or  nitro,  ihrough  the  galvatiomete^^ 
to  adiluto  liolution  of  tho  Rimo.   (App,  2.)     Efi'rpierel;  also  from  iliUic  to 
Cmccntratcd  solution  of   tivcr  of  snlphor,   througli    the   gnlvanometcr, 
i^Faradiiy.) — If  two  phitiniim  spatulas,  one  cold  aud  the  other  red-hot,  bo 
clipped  mto  the  Botne  solution  of  1  part  of  common  suit  In  10  i^artij  -■ 
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ELECTRICITY  BY  CHEMICAL  COMBINATM 
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m  tliose  in  the  lwf>  Tcsst'Is-  and  App.  9,  wUeti  the  three  vessole  auJ  the 
{ilion  iir  tbreaJa  aro  fi)I(?(i  with  Jiflerent  liijuiils. 

If  a  {App.  3)  contains  nitric  aciJ,  c  soda,  and  L  nitric  aciJ,  e  Wing 
nectcd  with  fi  by  a  siphon  fUleJ  with  nitre,  and  a  with  6  by  a  Imtidte 
ol  asbestas,  positive  electricity  goes  from  a  through  the  galvanometer  lo 
6,  and  is  more  thau  doubled  in  <]uantity  when  hydrafo  of  soda  \s  placed 
upon  the  HHbcstus.  A  similar  rcoult  is  obtained  when  Iiydrochloric  or 
snlphnrtc  acid  is  used  instead  &f  nitric  acid,  and  common  salt  instead  of 
o»trt>.  (Becriuenfl.)  [The  current  excited  by  the  acid  between  a  and  e, 
the  direction  of  whit.li;  Is  from  a  to  tho  galvanometer,  is  not  completely 
nentralizcd  by  the  two  opposite  currents  produced  by  tliu  action  of  tba 
acid  in  e  on  tite  saline  solution  in  t,  and  of  the  latter  on  the  soda  in  c] 

If  a  {App,  2)  cont-aius  nitric  acid,  6  concentrated  sidution  of  potaaL, 
and  the  cotton-wick,  A,  solution  of  Glauber's  salt,  about  twice  as  muck 
positive  electricity  goes  from  the  acid  tbrough  the  galvanometer  to  tlie 
potash,  as  would  be  eot  in  motion,  if  a  coJitainod  nitric  acid,  and  b  and  A 
Olanber'aealt,  — or  a  and  A  Glauber's  salt,  and  b  potash.  [In  the  first  case, 
the  two  currents  prodnced  by  tho  acid  acting  on  the  Glauber's  silt,  and  this 
on  the  alkali,  assist  each  other;  in  the  other  two,  oqc  only  of  these  currents 
is  prodnced.]  If  the  first  experiment  lasts  some  time,  and  the  threads 
k  arc  not  above  three  inches  long,  the  deflection  of  tho  needle  increases 
sudilenly  from  5"  to  20°,  when  ihe  acid  comes  into  immediate  contact 
with  the  potash.  The  acid  and  alkali  come  mot^t  rjuickly  into  contact  in 
tho  wick  when  the  latter  contains  the  salt  wbicti  is  produced  by  the  com- 
bination of  the  two,  e.  /}.,  nltro  in  the  case  of  ultric  acid  and  potash,  and 
Glauber's  salt  in  that  of  fsulplmric  acid  and  soda;  if,  on  the  other  hand, 
the  wick  citnlains  pure  water,  the  infiltration  lakua  place  very  slowly:  no 
ileflcctiou  is  produced  at  first,  but  after  about  twelve  minutes,  a  strongJeflec- 
tion  of  20 '.  When  the  wick  is  six  inches  long,  nu  increase  of  the  current 
takes  place,  even  if  it  contains  a  sailna  solution;  on  the  contrary,  the  cur- 
rent becomes  gradually  weaker;  because,  after  a  time,  no  more  chemical 
combination  takes  place  in  the  wick,  Tho  deflections  of  the  noodle  pro- 
duced at  the  commencement  of  tho  action  are  as  follows, — It  being  observed 
that  the  first-nained  Bubstanco  Is  placed  in  the  vessel  a,  tho  second  in  tho 
-wick  A,  and  the  last  in  the  vessel  I, — and  that  m  each  case,  the  positive 
electricity  goes  from  the  first  substance,  through  tho  galvanometer,  to  tho 
last-named: — With  nitric  acid,  Glauber's  salt  and  poteah,  5°; — nitric  acid, 
Glauber 'ij  salt,  Glauber's  salt,  3°; — Glauber's  salt,  Glauber's  salt,  potash, 
3"; — nitric  acid,  nitre,  potash,  4"; — nitric  acid,  nitre,  nitre,  2°; — nitre, 
nitre,  potash,  2°;  a  mixture  of  2  measures  of  oil  of  vitriol  with  1  mea- 
sure of  water,  Ghitilx'r's  salt,  soda,  5  ;— the  same  mixture,  Glaulwr'a 
talt,  Glauber's  salt,  3  ; — Ohinber's  salt,  Glauber's  salt,  soda,  2"; — mix- 
ture of  2  measures  of  oil  of  vitviol  and  1  watflr,  nitre,  soda,  12'';^the 
same  mixture,  nitre,  nitre,  5  ; — nitre,  nitre,  soda  3°; — tho  same  niixturs 
of  oil  of  vitriol  and  water,  eal-aromoninc,  soda,  16*; — the  same  mixture, 
Bal-animoniao,  Bal-nmmoniac,  6°; — eal-ammoniac,  Eal-aminoniae,  soda,  G^ 
(De  la  Rive.) 

If  the  ve*<4iels  a,  b,  (App.  9)  are  filled  with  solution  of  nitre,  and  the 
wicks. ir.i,  B.itirrute<l  with  it — the  vessel  c  containing  nitric  acid,  and  a 
piece  of  hydrate  of  potaxh  being  placed  upon  tho  wick  i  at  r,  wliero  it 
dip(<  iai"  the  nitric  acid — a  current  is  set  up  from  the  nitric  acid  through 
tlio  galvanometer  to  the  bydratuof  potanh,  much  stronger  thrt  i  that  which 
is  prwlnced  by  tho  use  of  aqueous  solution  of  jiotaish, — because  the  former 
|)C«otne«  more  bcateil  by  combining  with  tho  ultric  neid; — and,  generally 
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HpcAking,  the  cnrrent  go^e  conatnntly  from  the  colder  borlj  to  that  whirhl 
is  most  healed  duriuc^  ibo  coiubiuutlQi}:  moreover,  tbo  pbuuviuenun  iaj 
thtinno-cU'ctric  [?].     (Nobili.) 

FBcimer,  proceeiling  upon  tho  eontact-theory— ftccordin^  to  wh'iolij 
motalp  excite  an  clei'lric  oiirretit,  even  in  liquids  which  do  not  act  eh§ 
miflilly  upon  tfaem — tMidcavonreil  to  get  rid  of  the  effect  which,  sceordi^l 
to  this  view,  might  be  CTjiected  to  arise  from  dij>pinfr  the  platinum  t"" 
ininations  of  the  t;alvanciiflcter  into  two  different  lifinids,  hy  immer.-sog  ' 
theso  platinum  terminations  in  two  cupe,  a.  It,  (App.  10)  containing  tie  mme 
liqaiil — placing  the  two  liquids  whose  mutual  action  wm  to  he  investi- 
gated, in  two  other  cupe,  «,  /3,  and  connecting  tho  foar  cnpa  Hy  thre» 
siphon-tubes.  Tho  siphons  ,9,  t,  contained  the  eamo  liqiiid  aj  the  cops  a,  A; 
tlio  eiphon  h  either  tho  liquid  in  a  or  that  in  ^.  [By  this  anangement,  a 
complicated  actiuu  is  always  obtained:  not  only  ia  a  current  pmduccd 
by  the  mutual  action  of  the  liquids  in  a  and  /3,  bat  likewise  bv  that  of 
the  liquid  in  a  upon  that  in  «,  and  of  the  liquid  in  6  on  that  in  fi;  and 
the  direction  and  strength  of  the  current  h  the  resultant  of  the  sum  or 
diflcfenco  of  these  three  actions.]  The  following  arc  some  of  the  numeroos 
rosnits  obtnined  in  this  Tnanuer:-~the  liquid  in  tho  cup  k  is  always  that 
from  which  positive  electricity  pnaaes  through  tho  galvanometer  to  tho 
cnp  ff. 

Glauber's  salt  in  a,  6,  aulphario  a«id  in  a,  pota^ih  lu  $. — Contmod 
salt  in  rt,  b,  potash  in  «,  hydrochloric  acid  in  ^.—Spring  water  or  nitrio 
acid  in  a,  (,  nitric  acid  in  »,  potaah  in  0. — Nitre  in  a,  b,  potash  in  «.  sxA- 
phnric  acid  in  $\ — Nitro  in  a,  6,  snlphuric  acid  in  o,  nitric  acid  in  0. 

Ill  the  following  experiinonts  of  Fechner,  the  three  liquids,— solution  of 
potaab,  nitric  acid,  and  solution  of  nitre, — were  distributed  in  variooa 
wayi  among^  the  4  cnpa,  and  tho  following  deflections  were  obtained. 

1.  Nitro  in  o,  h,  nitric  acid  in  m,  potii^h  in  $;  positive  electricity 

foo»  from  a  through  the  galvanometer  to  t,  deflecting  tho  needle  4(r, 
The  principal  current  is  excited  by  the  action  of  tho  nitric  acid  on  tlsa 
pot-ash;  but  tho  two  mot©  feeble  en  rrents  produced  by  the  action  of  nitric 
acid  un  nitre  and  pota^^h  on  uitre^  take  the  direction  opposite  to  that  of 
the  firBt  and  weaken  it.] 

2.  Potash  in  «,  h,  nitric  acid  in  a,  nitro  in  $;  positive  elcctricily 
goes  from  b  through  tho  galvanometer  to  a;  deflection  33',  [In  this 
ease  alao  the  principnl  current  produced  by  nitric  acid  and  pota-sh  between 
a  and  u^  which,  according  to  the  arrangement,  must  tnko  the  opjHjsito 
direction  to  that  ia  1,  is  weakened  by  tho  two  currcntii  produced  by  uitrie 
acid  and  nitre,  and  by  potaiili  and  nitre,  in  the  same  degree  as  in  1; 
hence  the  deflection  ia  nearly  the  same.] 

3.  Nitric  acid  in  a,  h,  potash  in  «,  nitre  in  3;  poBitivc  elcetricity  goes 
from  a  through  the  galvanometer  to  b :  deflection  48^.  [Here  again  tho 
two  feebler  curronts  weaken  tho  principal  currentj  henc«  the  deHectioa 
\n  about  tho  same.] 

4.  Nitric  acid  in  a,  potash  in  6,  nitre  in  a  and  B',  positive  electricity 
goes  from  a  through  the  galvanometer  to  h,  produciug  a  deflection  of 
140*,  which  lasts  much  longer  than  in  the  former  capes.  [In  this  case, 
positive  electricity  goes  from  the  nitric  acid  through  the  galvanometer  lo 
the  nitre,  and  likewise  from  tho  nitro  through  tho  galvauomeler  to  thu 
potaab;  the  united  action  of  these  two  Feoblor  fjurrenta  produces  a  dcvia- 
tiou  arrcatoT  than  that  which  results  from  tho  action  of  a  principal  cnr- 
ront  weakened  by  two  feebler  currents.] 

A  Nittk  acid  in  a,  nitre  itt  6,  -potaali in  k  aad  $\  |K>sitivo  electricity 
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jtnta  a  through  the  galvrmometcr  to  b;  dovrntion  104°,     [The  prin- 
1  cnrwiif  priMlac«<l  hy  tho  action  of  the  ac'nl  t«i  tlio  potsvh  h  opirosed 
'Jfjr  tho  feebler  carrent  resulting  from  the  mutual  action  of  potash 
f  nitre.  J 

8.  Potiish  in  a,  nitre  in  b,  nitric  acifl  in  «  and  3;  positive  oloetricity 
goe»  frt>m  I)  through  the  gnlvauouieter  to  the  potash,  prnrtuciil^  a  deviation 
of  188  .  I  Here  again  tLo  principal  current  proJucetl  by  the  action  of 
Jkotiiffh  aoti  nitric  Bcid  is  coanteracted  only  by  the  feebler  cnrront  p&> 
aulting  frnm  nitric  acid  and  nitre.] 

Hecfpwiffs  Oxijrfen-cirailt.  A  glass  tnbo  {App.  11)  is  closed  at  its 
lowfr  o:xtrcinity  -with  clay  moistened  with  a  concentrated  aolation  of 
pt>(ii>?li ;  tlie  tube  is  then  Qlled  with  strong  pfjlafh-Bolution  find  its  lower 
piirt  dipped  into  a  vessel  filled  with  strong  nitric  aciil.  If  now  the  pla- 
tioutn  cnck  of  the  galvanometer  be  immersed  in  the  two  liquids,  a  lai-iro 
({uanlily  of  oxygen  ga«  will  be  develojicd  un  the  surface  of  the  platinum 
in  tlii^  (lotash  (it  may  be  most  conveniently  collected  hy  having  the  pla- 
tinnm  wire  which  dipa  into  tho  potash  ct?mented  into  a  glass  tube  open 
at  the  bottom,  this  tube  being  tifterwardfi  filled  with  potash  and  inverted), 
and  nitrous  acid  will  accumulate  in  the  nitric  acid,  colouring  it  firat 
green  and  then  blue:  at  the  same  time,  positive  electricity  will  pajsa  from 
Ibo  arid  through  the  galvanometer  to  the  potash.  The  action  continues 
for  scTeral  dayt:.  But  tho  electric  current  is  very  feeble  in  comparieon 
with  tho  copioua  evolution  of  gas;  it  la  sufficient  indeed  to  separate 
copper,  when  passed  through  a  Bolution  of  blue  vitriol,  but  not  to  heat 
Ino  platinum  wire.  (Becquercl.)  Jacobi  likewise  obtained  a  large  quan- 
tity of  oxygen  gas,  and  at  tho  same  time  an  electric  current  which  de- 
i^nipn^ed  iodide  of  potassium,  but  not  sulphate  of  copper. — Moeer  & 
~  (f^offij.  42,  E)X)  who  obtained  a  remaxkably  large  quantity  of  oiygen 
found,  contrary  to  Becqnerel's  statement,  that  the  electric  current 
excited  produced  cold  as  well  as  heat  in  Peltier'^  npparatusj. — Mohr 
obtained  no  oxygen  gas  with  this  apparatus,  and  Pfall'otiljy'  a  few  bubbles 
in  Bevcral  hours.  These  negative  reaulta,  jioasibly  arising  from  diflo- 
fences  of  manipulation  or  in  the  matcrialsi  employoil,  cannot  be  considered 
of  equal  weight  with  tho  often  verified  statement  of  Bocqucrel, — however 
enigmatical  it  may  appear  that  a  chemical  action  accompanieil  bv  so 
copious  an  cvolutiou  of  oxygen  gas,  should  produce  a  current  bo  feeble  in 
comparison.  It  may  perhaps  bo  suspected  that  if  the  clay  Ijo  moistened 
with  a  solution  of  common  aalt  or  of  potash  containing  chlorido  of  potas- 
sinon, — nitrous  acid  and  chlorincj  together  with  a  salt  of  nitric  acid,  may 
be  produced  by  tho  action  of  the  nitric  acid  on  the  chloride  of  eoditiin  or 
potiufdiim, — the  nitroud  acid  going  over  to  the  nitric  acid,  while  tho 
chlorine,  Laklug  the  opposite  direction,  converts  tho  potash  into  chloride 
©if  polassiuiu  and  oxygen  gas.  I  have  however  satisfied  myself  that,  evon 
^"*"Bn  the  nitric  acid  and  potash  are  perfeetly  free  from  chlorine,  oxygen 
(capable  of  igniting  a  glowing  slip  of  wood  and  conden&ing  with 
nitric  oxide  gas)  is  abundantly  developed. 

If  the  nitric  acid  in  Becquerel'a  apparatus  be  replaced  by  a  mixtnro 
piirto  oil  of  vitriol  and  1  part  water,  only  a  small  quantity  of  oxygon 
i»  evolved  on  the  platinum  immersed  in  tho  potaali,  and  n  liitlo 
Cyilrogen  on  tho  platinum  in  tho  acid,- — an  clectrieal  current  beiug  also 
pro^luced  in  tho  Banie  direction,  capable  of  docompfising,  nut  only  iodido 
of  i>otA^*ium,  but  also  eulpliuto  of  copper.  (Becquercl.)  Mohr  olitaincd 
witli  the  Buine  arrangement  neither  gas  nor  electric  current.  I  have 
mbo  trlod  tho  expecimont  with  the  eamo  clay  and  pobisb  that  weiu  used 
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of  ^ 

'■''■'% 

Even  when  tk* 

1 1*. 
I  ir 

tit) 


j',(ir(*i'n  (''0  li'^er  on  tbc  one  side,  and  tlto  i>aaofaii^ 
''—      (Donne,  Ann.  Chim,  Phiff.  .>".  4U5.) 
If  one  extremity  of  tlio  gal- 


„,,),,.  other, 
I'f  '"''JIXj"*-*'*'"  '^^'''♦'''^ '"  plants 


'^Wf»'''"'^«!Jfte<l  into  the  stalk  nf  an  apple  or  pear,  the  otlji-r  intrt  |||q 
Isnetcf  '"'/"jjcoxfs-  pojiitivo  electricity  passes  fr.nn  the  latlor  tliroi]|rfc 
^j(«?  «■"'' *',,,vr  to  *'n-^  stalk.     Ib  peaches  and  npricot^,  tbc  plcclnc 


l°fp  f'»'''*,''*;'"fJi('«'>''''^''y ''"'■''"^'■"^''f'^  '^"t  no  current  is  excited  wljcn  tb« 
pnrrr"'  *f   l,|»-»nometer  are  inserted  into  tho  fruit  at  rigdt  a.n«rte's  to  iU 


ft»ds'>'f     (^f,i;t  l)c  cut  into  two  parts  perpendicularly  to  itH  axis,  llm 


If  » 


^xlf-  ,^^,1  (jol  of  eaeli  of  thcni,  and  placed  in  two  cupa  connottcJ  by 
jut**  ^'!^^ip  of  paper  {A  pp.  2),  an  electric  current  will  be  devclopod  in  the 
*  ^'^*clinctJ^f')  l^"''  if  ''^^  ^^^*^  ^"-^  '^pl't  i"  ^''^  direetion  of  lis  axis,  lliu 
**"'ms  pipressetl  from  the  two  liaiTca  produce  no  current.  The  curwnt 
■  ilierefore  due  to  the  difference  of  chemical  compivsition  botwteu  the 
'aicf  J"  ^^^  neighbuurhood  of  the  stalk,  and  that  at  the  other  end  of  tho 
jrtiii,  nitltough  both  are  acid. 

b.    Bff  Decomponilionii,  efeeted  by  the  (agency  of  Heat  or  L  ight. 

Bodice,  at  the  moment  of  separation  from  one  another,  ttike  up  tlio  kind 
of  electricity  opposite  to  lliat  which  they  exhibited  during  combination. 

[According  to  what  ha-s  already  boon  said  ([ip.  328...  330),  it  imist  Iw 
sappost-d  that  when  water  combines  w-ith  acids,  negative  electricity  from 
tlie  water  and  pobitive  electricity  from  the  acid  combine  to  form  heat; 
^d  wtien  the  water  ia  separated  from  tho  acid  hj  evaporation,  it  mttst 
i^in  take  up  the  negative  electricity  which  it  has  logt,  while  the  acid 
mast  recover  its  positive  electricity.  This  is  effected  by  the  decoinpo- 
tttion  of  part  of  the  heat  present,  the  elements  of  which  are  divided 
between  tlie  water  and  the  acid.  It  appears,  however,  that  very  sTsall 
quantities  of  water  and  acid  get  separated  from  one  another  Vithout 
"  fcving  time  to  recover  their  lost  electricity.  These  email  quantities  of 
iratfd  aqueous  vapour  and  acid  then  decompose  other  porttrms  of  hmt 
make  up  the  deficiency,  Thoa,  tho  water  takes  nejrative  electricity, 
And  sets  [lonitive  electricity  free,  while  the  acid  tnkoa  up  positive  elec- 
Ittkity;  so  tlmt  free  negative  doctricity  maj  be  detcctod  in  th»  ytasoi. 


TY  Of 

"QT  from  alkttlia,  on  the  contrary,  we  tniglit  txped 
'-,  which   Iho   water   had  lost  \>y  its  [jmvioua 
'    woulil  be  ngniit  taken  up  by  the  ariuoous 
IJ  agiiin  take  up  negative  electricity,  so 
-i[  fruo  in  the  vessel:  tliis,  however,  is 
t'queicl  and  Fechncr  (p.  332).     It  is 
i    which  are  very  jilkaliiie,  liko  caSH 
■s|K'i:t  like  acids].  ^^| 

iij  tho  evaporBtiaii  of  pure  water,  not 
il-liot  phitinum  crucible  in  which  LeiJen- 
i-oduceJ,  followed  by  rapid  boiling.     (Bccqucrcl; 
.  171  j  Pouillet;  Peltier). — Similarly,  witb  the  moat 
J  sulphuric  or  nitric  acid  and  glacial  acetic  acid. — 
(  contains  potash,  soJa,  baryta,  strontia,  or  lime  in  solu- 
icl   Constantly    becomes  positive,   feebly  during  the  conti- 
LeidenfrosL'a  phoTioinenoii,  etrongly  during   tlio  sub.sequent 
With  solution  of  ammonia,  tho  vessel  heconics  negative,  l>ecausa 
case  it  is  principally  tbu  ammonia  which  evaporates,  while  the 
.\:t  remain.?.-- If  the  water  coutaina  only  y^^  sulphuric  acifi,  glacial 
Ptir  acid,  or  any  other  acid,  or  any  ojirbonute,  sulphate,  chloride,  nitrate, 
-■.  the  vessel  becomes  negative.     Hexice,  tbe  electrletty  of  tlve 
re  may  in  great  part  he  attributed  to  the  evaporation  of  sea- 
rater,  anil  otber  kindt)  of  water  not  quite  pure,  on  tho  surface  of  the  earth, 
id  in  the  bodies  of  plants  and  animals. — When  pure  water  evaporates 
Tossels  of  iron,  copper,  or  silver  containing  copper,  the  vessel  becomes 
jxtive  from  commencing  oxidation,  even  when  the  water  contains  an 
alt  in  solution.     {Pouillet.) 

pettier  remarked  that  in  the  evaporation  of  a  solution  of  cninmon 
It,  negtttivG  electricity  was  pereoijtibia  only  at  tbe  moment  when  tho 
tmaining  salt  began  to  decrepitate, — an  eUcct  which  also  takes  placo 
the  decrepitation  of  crystals  of  common  anlt  thrown  into  a  red-liot 
platinuHi    crucible.     Hence,  according  to   Peltier,   the   electricity   does 
nut  become  apparent  till  the  lust  portions  of  water  separate  from  tho 

Vapour  escaping  fioni  boilers  often  exhibits  positive,  and  the  boile^H 
legative  electricity.  If  one  hiuid,  or  a  plate  of  metal,  or  a  bundle  o^^ 
rires  with  numerous  points,  be  lield  in  the  stream  of  rapour,  and  the 
ser  brought  near  the  boiler,  a  spark  may  often  ha  obtained  from  the 
ktt^r.  Tho  higher  the  pressure,  the  stronger  is  the  electricity.  The 
>ud  of  »tteam  which  collects  under  the  roof  of  tho  building  also  containa 
L'tricity.  If  tho  boiler  be  cleaned  from  tbe  inctustatioD,  chiefly  coa- 
sting of  gy(isum,  which  lines  it,  and  fed  witb  rain-water,  no  electricity 
fill  be  developed!  with  spring-water,  the  electricity  will  not  bo  uppa» 
.at  first — not  in  fiK-t  till  a  sediment  has  been  formed;  and  as  this  in- 

9,  the  development  of  electricity  will  increase  also.     (Armstrong,) 
By  experiments  mndc  with  a  Imiler  of  gun^metal,  30  inches  long,  4 
lobea  wide,  heated  with  coke  in  an  insulated  furnace,  and  furnished  with      . 
glues  tube  and  stop-cock  to  rtigolate  the  escape  of  the  vapour,  the  fo>l^^H 
— 'ing  reeulta  were  obtaincJ.     When  the  vapour  is  allowed  to  cscapfl^l 
"i  the  «afptv-valvo  open,  that  is  to  say,  at  the  ordinary  atmospheric 
'  TO,  no  electricity  is  apparent;  but  at  1  lb.  pressure  per  sriu.iro  inch, 
ictricity  begins  to  show  itaelf.     At  3  lb.  pTefl.?ure,  the  boiler  gives  a^H 

,ftfl«>r  tho  steam  baa  been  escaping  for  a  minute.     At  151b.  pre9^| 

Ire^if  the  stop-cock  lio  bo  turned  tbul  the  quantity  of  vapour  Oicaping 
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in  a  gWen  time  shall  remain  tho  emme, — the  quantity  of  el«!tri"t7  "* 
ontoea  Jojible;  at  50 lb,   |»fe88iire,  treble;  at  1201b,  qu&druple.  '  " 
250  lb.  quintuple  of  what  it  was  at  31b.  pressure.     At  1001b.  prf 
Leydcn  jar,  the  knob  of  which  is  held  in  the  jet  of  rapour,  while  ii^  "" 
coaling  is  connectfid  with  the  boiler  or  famace,  becomes  chargeii 
minutea; — the  apparatus  may  therefore  b«  used  &9  an  electricai^ 
The  vapour  id  generally  positive,  the  boiler  negative.     These  com 
are  aeldom  reversed;  and  even  when  they  are,  the  electricity  first  bocwitf 
Apparent  at*  preaBore  of  1  Ib.j  and  increases,  as  the  pre«snre  rises  to  3(Mo- 
in  the  same  ratio  a«  ia  tho  former  case;  but  at  a  still  higher  pr«a8ure,  w 
boiler  exhibits  negative  electricity  during  the  first  few  rainntes  of  tfV* 
e«cMipe  of  the  vapour,  ami  potdtire  afterwards.     When  an  almost  enqii  ■•' 
boiler  i»  beale^I  till  all  the  water  ia  converted  into  vapour,  the  boiler  n'l-y 
beeomea  elet-triticd,  on  tho  escape  of  the  vapour,  and  its  electricitv 
negative.     From  this  it  would  appear  that  the  development  of  c\*ietWJ 
is  duo,  not  so  much  to  the  formation  of  the  vaiwiir,  as  to  it*  precipttalioo 
by  the  coM  air  (or  to  its  erpauslon,  Gni.t). — The  oftener  the  boiler  i« 
nsed,  tho  more  doea  it  becorne  inclined  to  assume  a  positive  charge;  « 
that  at  last  the  vapour  almost  always  exhibita  negative  cleotrieity.     In 
thb  ««s^  the  inside  of  tho  boiler  ia  not  found  to  be  oxidated  in  the 
alightcet  dtgreti,  and  ita  tendency  to  become  positive  ij  Tiot  destroyed  by 
washing  it  out.     But  if  a  very  small  quantity  of  potash  or  »oda  be  added 
to  tho  water  in  the  boiler  (lime  does  nut  act  so  strongly),  the  vapour  once 
more  becomes  bo  atrong-ly  positive  [tntf.  Ponilk't's  expcrimente,  p.  337}] 
thut  it  will  give  thirty  sparks,  half  an  inch  loiif,  in  a  minute.     A  very  | 
eumil  quantity  of  nitric  acid  or  sulphate  of  copper  makes  the  vapour  nfr- ' 
gativc.     Hytfrochloric  acid,  sulphuric  aeid — either  alone  or  mixed  withj 
uon  filings — and  common  salt,  produce  no  effect. 

%  Faraday  has  shown  that  olectrieity  is  never  excited  by  the 
<if  pure  steam,  and  is  manifested  only  when  water  is  likewise  present. 
Hence  he  concludes  that  the  effect  is  altogether  due  to  the  friction  of  th« 
globulea  a^inst  the  sides  of  the  opening,  or  against  the  substances  opposed 
to  its  pas«i^,  as  the  water  ig  rapidly  moved  onwards  by  the  current  el 
eteani.     Accordinjrlv,  it  w».s  found  to  be  increfuscd  in  qnantity  by  in<}i«M- 
ing  tfao  pressure  and  inipellinjf  force  of  tho  steam.     The  immediate  eff«el 
of  this  friction  was,   in  all  cases,  to  render  the  steam  jmaitive.  and  the 
solids,  whatever  tliey  might  he,  negsitivc.     In  certain  circumstances,  hoW'     , 
ever,  iia  when  a  wire  ia  ptafcrl  in  the  current  of  steiira  at  some  distance  J 
from  the  orifice,  the  solid  exhibits  tho  positive  eleclrjcity  acquired  by  tbef 
sttiam,  of  which  it  is  then  merely  the  recipient  and  conductor.     In  Uk« 
manner,  the    resulta  may    be  greatly    inodilied  by    the    shape,    natnre, 
and   temperature,  of  the  paaaages  through  which  the  ateani    is  forced. 
Hent,  by  preventing  the  condensation  of  the  steam  into  water,  likewise 
preveutd  the  evolution  of  elcftrieitj,  whicli,  however,  siteedily  apj>cars  on 
cooling  the  jMissages,  so  as  to  restore  the  water  whieh  is  necessary  for  tho 
production  of  that  effect.     The  pheaomenon  of  the  evolution  of  ele<'tricit 
in  these   circumstances   is   dependent  also  on   the  fuafiij/  of  the  iuid 
in  mottui),  more  cspeciallj  in  relation  to  its  condnt'ting  power.     Watc 
will  not  excite  electricity,  unless  it  ho  pnre:  the  addition  of  any  solnhli^ 
Bait  or  acid,  even  in  niiuutc  ({uajitity,   is  sufficient  to  destroy  this  pr 

Sorty.     The  addition  of  oil  of  ttirpeotine,  on  the  contrary,  occasloas  th^ 
cvdopment  of  electricity  of  the  opposite  kind  *o  that  which  h  excite' 
ihy  water;  because  each  particle  of  tho  water  becomes  covered  with 
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ioin  film  of  oil, — so  that  the  frictron  takes  place  only  between  ttjat  cxttrftal 
fim  and  thi?  solids  alodg^  wlioae  anrftico  the  globuies  of  )t<iuid  are  car« 
fed,  A  similar  but  more  permanent  effect  is  produceJ  by  tlie  presence 
of  oHtc-oI],  which  is  not,  like  oil  of  turpentine^  subjef^t  to  rapid  disjipa- 
Uou.  {Exjifrimmtal  Eesearchrf,  Series  18;  ahstr.  Phii.  Mag  J.  22,  4S6. 
—See  aUtJ  Armstrong,  PkU.  Mat;.  J.  22,  1.)  T 

Pfaff  found  (Po0,  53,  313)  that  the  vapour  iasuing^  from  a  Papin'a 
Kj^ster  was  poaitivo,  and  the  digester  itself  negative — even  when  the 
ter  eontiiinetl  potash,  carbonate  of  potash,  aulpburic  acid,  or  cominou 
kit — thestrengtii  of  tbc  charge  increasing  with  tlie  tenaion  of  the  vapour; 
B  also  obtained  more  electricity  on  holding  the  metal  plate  in  the 
fcpour  at  some  inches  distance  from  the  tube,  than  when  ho  held  it 
iiBOT. — Williams  {Phil.  Mofj.J.  18,  33)  also  fotind  the  boiler  negative. 

HMThen  air  is  conipreescd  in  a  metallic  vessel  to  eight  times  its  ordinatr 
llT,the  vessel  g-enerally  becomes  negative  when  the  stop-cock  is  opened, 
^ives  sparks  a  (jaarter  of  an  inch  lon^,  whilst  the  air  which  escapes 
hows  poditive  electricity.     More  electricity  is  obtained  when  the  vessel  is 
>ld  and  damp,  than  when  it  jh  warm  and  dry.    A  perfectly  dry  vessel  ceases 

I  iibow  signs  of  electricity  even  when  incMlerately  heated,  a  damp  one 
rt  till  it  \s  heated  strongly;  but  in  the  cold,  dampness  does  not  eecni  to 
icrcaae  the  electricity.  (Armatrong.)  [Since  the  experiment  waa  made 
ith  air  not  perfectly  dry,  it  is  possible  that  water  may  have  been  de- 
jsitcd  during  its  compreBsion,  and  after  combining  with  impurities  in 
le  vessel,  mav  have  been  again  converted  into  vapour  on  the  escape  of  the 
Ir.  A  repetition  of  these  experiments  with  dry  air  is  therefore  desirable, 
1  order  to  ascertain  whether  the  electricity  prwreeds  from  chemJcnl  or 
lechanical  causes.] 

If  a  mixture  of  water  and  peroxide  of  hydrogen  be  placed  in  a  pla- 
Btlln  spoon  connected  with  the  galvanometer  {App.  \),  and  a  piece  of 
longy  platinum,  go!d,  or  silver,  or  even  finely-divided  ignoble  metala, 
so  connected  with  the  galvanometer,  be  dipped  into  the  licjuid,-^ oxygen 
a  will  be  evolved  from  the  peroxide  of  hydrogen,  and  positive  electricity 

II  pass  from  the  spoon,  through  the  galvanometer,  to  the  spongy  metal, 
j  on  the  contrary,  oxide  of  silver  or  hydrate  of  potash,  wrapped  up  in 
oiat  paper  and  held  in  the  forceps,  be  dipjied  into  the  liqnid,  an  opposite 
Trent  will  be  produced.  (Bccquerel.)  [In  the  first  case,  oxygen  g»a  Is 
ol  vcd  on  the  surface  of  the  spongy  metal, — in  the  second,  on  the  platinnm 

won, — ^and  renders  it  negative  by  removing  its  pofiitive  electricity.  The 
»ter  which  has  lost  its  oxygen  takes  up  negative  electricity,  and  seta 
Cwitive  electricity  free.] 

Since,  in  the  combination  of  carbon  with  oxygen,  tho  former  exhibits 
egativc,  the  I  alter  positive  electricity  (p.  329), — ^it  is  probable  that  when 
rbouic  acid  is  decomposed  by  plants,  under  the  inflnenco  of  light,  into 
rbon  which  is  retained  by  the  plants,  and  oiygeu  which  m  set  free,  the 
plants  will  exhibit  positive  electricity.  When  seeds  arc  suffered  to  ger- 
minate in  mould  contained  in  twelve  isolated  pans,  and  the  mould  in  all  tho 
pans  is  connected  by  a  metallic  conductor  with  tho  condenser  of  the  electro- 
meter, no  electricity  is  perceptible  during  tho  first  two  days  of  germination; 
"  >t  ftftcrward?,  when  tho  plants  are  more  advnneed,  negative  electricity 
kows  itself  both  In  the  day-time  and  at  night.  In  two  instances  only 
the  negsttivc  electricity  gradually  diminish,  and  give  place  to  fcehfo 
^sitive  electricity,  which  continued  during  tho  remaining  time  of  tho 
>wib.  (PoQiUet.)    [Can  tke  slow  combustioQ  of  tlie  ve^tsAila  m^l^a!A^ 
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wbicli  muat  have  gco^rated  negative  electricity, 
regular  deveJopnicnt  of  the  positive  electricilyl^- 
J.  12,  5  40)  found  that — ou  immersiDg  the  leiif  ofa 
a  manner  that  the  stalk  projected  akne  the  liquiil, 
of  tho^'a.lvaaometer  witli  the  »tatk,  aud  the  other  wj 
electricity    passed   from    tbe  stalk  tbrotigh  tlio 
latiiina;    tlio  current  was  stronger  in  the  light 
always  in  the  same  direction.     [Thia  aeconis  with 


have  coanierscted  I 
-J.  Blake  (PhU. 
plant  in  ^ater,  Iq  sdoIi 
and  couDccting  One  ead 
th  the  lamina^ — positive 
galvanometer  intrt  the 
tbau  ill  the  dark,  but 
PouUlet's  supposition,  j 


C.  Cotnbinatiom  accompanied  hy  Decomp^itiovf.  .J 

a.  In  Imperfect  Conductors. 

Eltct rick ff  in  Detonations.    In  the  decomposition  of  oxalate  of  ailvet 
by  keut  (whereby  it  is  resolved  with  a  Ixitssing  noiae  into  allvcr  and  car-, 
boiiic  acid  gas)  a  large  quantity  of  electricity  la  eet  free;  not,  liowe' 
when  the  salt  is  covered  with  a  watcli-glaas.    Oxalate  of  euboside  of  n 
cnry,  oxaliite  of  copper  and  ammonia,  and  fulminate  of  niercury  ■■' 
bat  tittle  electricity  when  decomposed  by  heat.  (Dobereiner,  6'rV/.  ti7, 232.) 

Fulminate  of  silver,  when  exploded  by  oil  of  vitriol  or  by  the  bara- 
ing-^loas,  cliarg'ea  an  electrometer  on  which  it  is  placed,  positively.  II 
tho  Jecompositioti  ia  efl'ected  by  means  of  an  insalated  iron  wire  heated 
to  redness,  positive  electricity  becomes  apparent  in  a  few  instaocea,^ 
more  frequently,  feeble  negative  electricity,  or  none.  If  the  salt  ia  plaoed 
in  a  red'hot  platinum  spoon,  cither  feeble  negative  electricity  becumM 
apparcmt,  or  none.— Oxalate  of  ailver  decomposed  by  red-hot  iron  yiebls 
porfitivc  electricity  wheu  it  is  sifted  on  a  lioated  platinum  spoon.  The 
apoou  shows  positive  electricity  if  it  be  etrongly  ignited,  none  if  heated 
to  faint  ignition,  negative  when  Gtill  leas  heated,  and  none  when  still 
colder,  hut  hot  enough  to  decompose  the  salt  with  a  hissing  uoise.  When 
oxalate  of  silver  is  placed  under  a  watch-glass  on  the  cap  of  the  electro- 
meter, and  exploded  bv  a  burnlng-glBss,  no  electricity  is  develuped;  but 
on  removing  the  watch-glasp,  negative  electricity  becomes  apparent.  If 
thfl  oxalate  of  silver  be  exploded  on  the  electrometer  by  raeana  of  a  burn- 
ing-glass, wbitst  a  sheet  of  tinfoil  connected  with  anotlier  electrometer  i« 
held  at  a  short  distance  above  it,  the  firat  electrometer  wiE  show  negati 
the  second  positive  electricity.  Oxalate  of  suboxide  of  mercury  explod 
by  a  red-hot  wire,  communicates  a  strong  negative  charge  to  the  eloctn 
meter. — Oxalate  of  copper  and  sinuioDJa,  gunpowder,  and  a  mixture 
sulphur  and  chlorate  of  [lotashj  give  do  electricity  when  exploded,' 
(Schweigger.) 

By  heatin','  ccrUiiii  salts  in  a  platinum  cnicible  connected  by  a  wiro 
with  a  Bohnenberger'fl  electroacopp,  til!  they  either  explode  or  decompose 
with  a  hissing  noise,  and  removing  the  spirit-lamp  as  soon  as  this  decom- 
position Ijegina,  the  following  results  are  obtained.     Oxalate  and  citiatd. 
of  silver  give  strong,  oxalate  of  copper  aud  ammonia,  weak  negati 
electricity.     No  electricity  is  manifested  by  fulminating  gold,  fultuina 
of  silver,  oxalate  of  suboxide  of  mercury,  aud  caibazotate  of  potaebj  sodi 
or  baryta.  (R.  Bottger.)    PfaS' likewise  obtained  negative  electricity  witf 
oxalate  and  citrate  of  silver. 

Slictricifr/  nccom partying  Decompomiion  hy  Simple  Affinity.  From  the 
Grat-uamodsiibstances  in  the  following  list, positive  electricity  goes  tbrongli 
the  ;5jnIvanometer  to  the  last-named.  From  sulphuric  acid  to  nitrate  of 
baryta,  and  from  sulphate  of  mnguc.sia  to  potash.  (Becijucrcl.) — Front 
Bulphuric,  nitric,  or  hydrochloric  acid,  to  cai-'  -^f  lime,  pota»h,  or 
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soda;  from  carbeuate  of  lime  to  oxalic  acid;   from  suliiUuric  or  nitrio 

acid  to  chloride  of  potofeiuiii  (strong);  from  fulpliuric  aciil  to  cblorjde  of 
^^Wriam.  (Nobili.) — Prom  oil  of  vitriol  to  solutions  of  coiiim  on  Fa  Itj  acetate 
H|itf  baryta,  or  acetate  of  leml;  from  concentrated  Kokition  of  sulphate  of 
B^wtnina  or  blue  vitriol ^  to  aTnmonin ;  from  nitrate  of  silver  to  hjdroclilorio 
B*  ' ;  from  perciilorideof  iron  to  concentrated  or  dilute  Bulpburic  acid,  ara- 
1    mcmia,  or  potash.  (Wak^ker.) — For  complicated  cases  with /)/'/».  IQ,  rid. 

Fechncr  (Po^ff,  48.  1  and  225). — In  the dcpompoaitton  of  calomel  by  nitric 
1    a«jd,  positive  electricity  gties  from  the  acid  thro'jgh  tlie  galvanometer  to  tho 

calomel.  (De  la  Rive.) — When  carbonate  of  potash  is  deeomjwaed  by 

dtlut«  ewlpliuric  acid  in  a  roetsiUic  vtusel  standing  on  the  electrometer,  the 
L  instrunient  shows  a  negative  charge.  (Lavoisier  i  Laplace,  Crellf  Ann, 
■0786j  1,  351).  [I  hare  also  obtained  negative  electricity]. 
^B«  j^eOrieity  in  decompofitiona  hi/  Double  A^nity.  Positive  electricity 
^MTC6  from  green  vitriol  through  the  galvanometer  to  ferrocyanide  of 
H^Btaannm;  from  tincture  of  galls  to  green  vitriol.  (Becquerel.) — From 
■   alknline  sulphates   to  nitrate  of  baryta.    (Nobili.) — From   chloride   of 

barium  to  carbonate  of  soda;  from  chloride  of  calcium  to  Bulphate  of 
^^eopper;  from  perclilorido  of  iron  to  hydrosulpharot  of  amiiioiiium  or 
^B^rrocyanide  of  potsiesium;  from  eiilphurct  of  copper  to  carbonate  of 
^HH|r  or  ferrocyatiide  of  potassium ;  from  nitrate  of  silver  to  cotumon  salt, 
HHwate  of  potash,  or  feriocyanide  of  potassium  ;  from  chlurido  of  gold  or 

' platinum    to  fcrrocyanide   of  potassium.    (WalckeT.) — For  complicated 

dues  with  four  ve3«'cl8,  vid-  Pctlmer. 

El-fdridiy  in  Fermentation,     If  two  horizontal  metal  plates  connected 

with  the  galvanometer  be  immersed  in  fermenting  beer-wort,  one  at  the 

bottom  of  the  vessel,  tho  other  near  tho  surface  of  the  liquid,  positive 

^*lcc;ricity  proceeds,  at  first — so  long  as  the  yeast  remains  at  the  bottom — 
from  the  loirer  plate  through  the  galvanometer,  to  the  upper;  afterwards 
^  when  the  ycJist  rises  to  tbo  surface,  the  current  takes  the  opp<Jsit6  direc- 
tion. Hence  it  appears  that  negative  electricity  always  proc«eds  from 
the  yeaet  (on  which  the  bubbles  of  carbonic  acid  gas  aro  CTolved.) — J. 
Blah  {Phil,  May.  J,  12,  530.) 

P,  In  the  Action  of  Perfect  on  Imperfect  Cojiduetoi-t, 

Simple  Galvanic  Cihcdit. 

1,   TufO  Melali  and  one  Liquid. 

When  two  metals  are  placed   in  contact  with  an  im)»erfectly  con- 

1  ducting  compound  liquid,  and  connected  together  at  some  point  within  or 

^without  the  liquid,  cither  immediately  or  by  means  of  a  good  conductor 

*  (a  wire), — and  moreover,  one  of  these  metals  has  the  power  of  decomposiog 

the  liquid  by  appropriating  one  or  more  of  its  elements,  whilst  the  other 

'  i«  tfitbcr  destitute  of  this  powtir  or  posscsees  it  only  in  a  less  degree,- — 

'  then  (I).  Decomposition  tak<?s  place,  and  a  new  compound  is  formed  on  the 

•■flret  metal  only;  whereas  the  second,  if  placed  alone  in  the  liquid,  would 

fin  many  cases  exert  a  decomposing  action  upon  it,  and  deprive  it  of  the 

'  very  *kiiient«  wtiich  are  actually  taken  from  it  by  the  first  metal;  (2), 

Tbo  docomposjtion  goes  on  more  quickly  than  it  would,  if  the  first  metal 

were  placed  iibme  in  the  liquid.    (3).  Thnso  elements  of  the  liquid,  which 

arc  set  free  by  tlu-  aV*lrnctinn  of  the  others,  do  not  make  their  apywarance 

at  the  nurfn'v  of  the  firtft  nictnl,  where  the  action  takes  jdace,  but  at  the 

'mrfacc  of  the  second.     (1).  This  action  is  invariably  aeeoTnjmnicd  by  a 

|fow«rful  electric  current;  and,  when  the  first  metal  takes  from  tho  liquiil, 
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oxygeHi  chlorine,  iodine^  sniphur,  nod  tlie  otiicr  sckcalled  eloctro-oegallfi 
9ul>static«>s — and  liberates  hydrogen,  nictala,  aud  other  80-<;aUcil  C'le<^t^' 
positive  Bulistanccs, — positive  electricity  goes  directly  fruin  tLo  pU!>a^)i'lA 
tlie  a.ctivc  niet.il,  and^^if  thu  current  be  supposed  to  VDUttaue  Umm^  tho 
Ii(£UJd^frutn  tlio  actiti}f  metal  tLrough  tlie  liquid  to  tbe  pa^ive  m«^. 

[a.  Tbo  60-cfttied  elcctro'ne^tive  bodies.,  vji,  oxygen,  cbloriji*,  lito- 
mitic,  9ut])liur,  A:c.  coutaiu  positive  electricity  aa  well  a^  heat  lu  tiie 
oombiiicd  aUite,  and  the  so-called  electropositive  bodies,  as  bydro^en  nod 
GQStals,  cQtit^iu  negative  plertricity  eiuiilai'ly  coiubiaed.  Iti  tiiQ  comfiina- 
lion  of  an  elect ru- positive  with  an  olQctro-negatire  body,  the  oppoEttQ' 
eloctricitiea  neutralize  one  anAlhcr  more  or  lesa  completely  and  prod 
fire;  in  water,  e.g.  the  oxygen  haa  lost  its  positire,  and  the  liydrogea  iu 
negative  electricity  (p,  157,  158). 

b.  When  a  metal,  such  aa  ziac,  oetnes  in  contact  with  water,  ltd  great 
alGnity  for  oxygen  cau«o«  the  oxygen-atoms  of  the  contigu&ua  at^nts 
water  tn  turn  tuiranis  the  ziuc,  and  the  hydrogeii-atonitt  Ihe  oonin 
way.    This  arrangeroeat  is  propagated  throughout  tbo  wh(>1(<  maas  of  waMr^ 
80  that  the  hydrygt'n-atoui  of  each  atom  of  water  is  turned  |iiward« 
oiygen-atoni  of  the  MBit,   {App,  12.) 

c.  The  uxy^en-atoniij  h'^^g  nearest  to  the  sine  unite  with  it  and  fi 
ozido  of  litic.     Tliiti  lit^is  (t&o  th()  negative  electricity  of  tli«  zinc.     At 
same  time,  the  uasceut  hydrogen  has  to  recover  the  negative  eleotricil 
which  it  had  lost  by  combiuation  with  oxygen  in  the  form  of  water:  li 
therefore  takes  this  negfitive  electricity  from  the  zinc.     But  the  oxygen* 
atom  situated  between  the  ziuo  and  the  hydrogen-atom  interferes  with 
this  transference  of  electricity:  consequently,,  au  extremely  amall  quantity 
of  negative  electricity  Wcoines  accumulated  in  the  ssino,  and  a  c<f>TTV- 
pouding  quantity  of  p&sitive  electricity  in  the  water;  because  that  portioB' 
of  the  oasccut  hydrogen  which  does  not  receive  negative  electricity  from 
the  sine  takes  it  from  the  calorie  of  the  water,  and  therefore  sets  iivo 
tiome  of  the  positive  electricity  of  that  liquid. 

(f.  "When  another  metal,  copper  for  example,  is  placed  iu  th«  water 
near  the  zinc,  but  without  touching  It,  this  metal  likewise  attract*  tbo 
oiygon-storaa  of  the  waterj — and  we  may  aiippose  that>  since  the  atmns  of 
water  turn  their  oiygen-atoma  towards  both  uietaJs,  a  limit  x  will  be 
found  between  the  two  metals,  hat  nearer  to  the  copper  than  to  the  zinc, 
at  which  every  two  hydrogen-atoms  come  iu  contact  with  each  other,  ■ 

f.  If,  on  the  other  hand,  ziuo  and  copper — or  another  metal  whoM  ■ 
affinity  for  oxygen  is  less  than  that  of  xino — are  placed  iu  mi-tallic 
contact,  either  directly  or  by  means  of  a  wire  (e.  ff.  that  of  the  galva- 
nometer),  the  following  change  takes  place.  The  negative  electricity 
net  free  in  the  zinc  passes  over,  in  greater  or  less  qnaatity,  dirtrctlf 
tQ  the  copper; — thence  it  attract*  the  hydrogen-atom  of  the  adjacent 
atom  of  water  in  every  series  of  atuuii^  of  wuter  situated  between  the 
line  and  copper, — pa^es  over  to  it,  aud  causos  it  to  escape  in  the  form 
of  hydrogen  gaa.  In  this  case,  nil  the  oxygcu-atoms  are  turned  towards 
the  zinc,  and  all  the  hydrogen-atoms  towards  the  copper,  in  consequence 
of  the  attraction  exerted  upon  Ihcm  by  the  negative  electricity  isening 
from  that  metnl.  /(  i»  immaieritil  u'/if(hfr  U'*  *Jj/  (AeU  nfi/adw  ekctricUg 
goe*  throwfli  the  mdallk  «»v  from  thf  tine  to  the  o>;);vr,  or  posUive  fltxlri' 
eit^ffivm  the  copper  to  the  zinc, 

f.  In  each  *oiioa  of  atoms  of  water  between  the  line  and  copper,  a 
mutual  diBplaccment  of  the  oxygen-atoms  from  the  copper  towai^ds  the 
zinc,  and  of  the  bydrogeti-atoms  from  the  xinc  towards  tUo  copper,  must  be 
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to  take  place, — ibe  water  remaining  utinllertd  in  compoaitiolf 
OLghrint  ite  wbole  mti.ssj  wliilc  thp  fixntion  uf  oxygon  f.nkes  place 
n,t  the  surfiico  of  tho  zinc,  and  the  liberation  of  hydrogpn  at  ihe 
of  the  copper.  SupiKise,  for  the  sake  of  iilu^jtration,  tbat  only 
atoms  of  water  are  situated  in  a  row  between  the  rice  and  copper  (tlio 
toal  number,  even  with  a  Btnall  interval  between  tfio  inetala,  would 
probably  be  several  miitions) ; — then,  the  zinc  takes  up  the  oxygen-iitom 
1,  and  the  hydrogen -atom  4  escupea  at  the  Hurf'aee  of  the  eopper.  Neit, 
tlie  liydrogen-atoni  1  unites  with  the  oxygon-atom  2;  and  similarly,  H  2 
with  0  3,  niid  H3  with  0  4, — nnrj,  notwithstanding  the  separaliyn  of  the 
two  elements  of  the  water  in  diiierent  plaees,  every  thing  in  the  middJo 
remain*  apparently  tranquil  and  unalteredj  and  no  visible  current  )a 
fdnned  in  the  water.  (App.  15,  a.)  Since  now  onoattim  of  water  hns  dis- 
'  from  the  eerie?, another  atom,  S,  is  transferred  to  the  series  from 
rounding  water.  {App.  15,  6.)  In  this  series,  all  the  hydrogen- 
air*  turned  towards  the  zinc;  but  the  affinity  of  that  metal  for 
oryifen  immediately  causes  tho  atoms  of  water  to  torn  half  round,  po  that 
_*ll  the  oxygen-atoms  may  he  diretted  towards  the  nnc.  (A}ip,  lH,  e.) 
ie  line  then  combines  with  0  2,  and  H  5  is  evolved  at  the  surface  of  tho 
>pper;  and  thus  the  process  is  repeated,  as  long  aa  the  oxidation  of  the 
goea  on,  The  hydrogen-atoma  more  in  scmi-circles  towards  t_ 
it,  flrat  Upwards  and  then  downwards, — the  oxygen-atoms  towards  th_ 
altematety  upwards  and  downwards,  till  the  former  reueh  the  surfaco 
the  cojiper  and  there  eseape,  the  latter,  tho  surface  of  the  zinc  and 
Itmbine  with  that  metal.  This  simultaneous  transposition  of  the  t 
ads  of  atoms  may  be  represented  by  the  lines  in  Ajiji,  16. 
jr.  It  appears  then  that  there  are  two  kinds  of  chemical  action  to 
ngniahed :  the  pHrd^'chenii^jl  and  the  islectfo-e/ianical.     Tho  form 

place  when  zinc  ia  placed  alone  in  contact  with  water  (b,c,)t  it 
t  aot  give  rise  to  an  electric  current,  because  the  negatiTe  electricity 
ee  direct Ir  from  the  zinc  to  the  hydrogen.  But  when  the  zinc  la 
SDiiectorl  with  another  perfect  conductor — -whicli  in  this  case  playa  only 
pnsBiire  part  of  transferring  the  negative  elcetricity  to  the  hydrogen 
^^f) — electro-chemical  action  is  produced,  tlio  electricity  passing  along 
the  xinc  to  the  copper — even  when  tho  connecting  wire  ia  of  great 
tb^-and  giving  rise  to  a  mutual  transposition  of  the  atoms. 
A.  The  cause  of  both  pure  chemical  and  electro-chemical  action  is  to 
be  found  in  the  affinity  of  zinc  for  oxygon ;  that  of  the  latter,  more  espe- 
cially, in  the  obstacle  which  the  onxygen-atom  situated  between  the  zmc 
and  the  hydrogen-atom  upposes  to  tlie  transference  of  negntivo  electricity 
bom  the  rinc  to  tho  hydrogen.  For,  the  electricity  being  able  to  traverse 
etals  with  tho  gieate*t  facility  and  rapidity,  prefers  the  circuitous  mad 
tun  the  «inc  to  the  copper,  ana  transposes  the  atoms  of  the  water,  which 
^-flinee  it  possesses  the  peculiar  mobility  of  a  liquid,  and  since  the  new 
componndfl  formed  arooqnal  in  nambcr  to  the  atoma  decomposed — appears 
to  offer  110  great  opposition  to  the  change 

I.  Thia  last-mentioned    opposition  la,  however,    in  most  caeea  suffi- 
enlly  great  to  cause  a  part  of  tho  purely  chemical  action  to  go  on 
Itaneously  with  tho  electro-chemical.     The  negative  electricity  avails 
'  of  hot  It  paths  to  pass  from  tho  zinc  to  the  hydrogen — the  direct 
and  that  through  the  copper.     The  stronger  the  purely  chenncal] 
Btion,  the  weaker  is  tho  clcctrio  current.     The  clectro'cKomical  action 
id  therefore  the  electric  current,  is  etrenglhenod,  and  the  purely  ehomici 
btion  proportionally  weakened:  1.  By  ilimiuiiihing  tho  diBtance  bctwee: 
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Itbe  copper  and  rinc  wklitn  tbo  liqaid, — bccanae  tlie  difficulty  caused  by  th« 
(tmtiisposition  of  tW  atoms  ia  thereby  somewhat  lessened. — 2.  By  iii«r««»- 
'  iug  tbe  aurfiice  of  c«pper  in  contact  with  the  li(]^uid, — b««An«e  the  tr>o»- 
(orenco  of  the  DCgativc  electricity  from  the  copper  to  the  hydropen  t>f  tk# 
water  i^  thoroby  facilitated.^ — 3.  By  faciJitating  the  mechauical  rtioovil 
of  tb«3  bubbles  of  hydrogen  which  accumiilat-o  on  the  copper  and  dlmiiiHl 
its  acting  surface.— 4.  By  purifying  the  line,  and  consequently  c<[ii«U]lag 
tbp  power  with  whicfi  the  different  points  of  its  surface  attract  the  oxygw 
of  the  water.  For  even  if  the  zinc  contains  but  a  small  quantity  of  oomc 
laetiiJs  (except  inercury),  these  itiipuritics,  in  conibiMation  with  a  small  por- 
tion of  the  zinc,  form  alloys,  which,  bein^  mechanically  diffused  throoffc 
the  rest  of  the  metai,  and  having  leas  affinity  fur  oxygen  than  pare  znc, 
produce  an  action  similar  to  that  of  copper- — that  is  to  say,  while  lli* 
oxygen  goes  over  to  tlio  pure  Kinc,  these  alloys  transfer  the  libenited 
negative  electricity  to  the  hydrogen,  thereby  prodacing  a  local  eltctr^ 
[■ckaniail  action,  by  wbich  the  current  from  the  zinc  to  the  copper  is 
weakened.— 5.  An  opposite  effect  is  produced  by  covering  the  surface  of 
the  line  with  mercury.  Anialganmted  zinc  oibiblta  with  water  and 
dilute  aoidsj  only  electro- chemical,  not  purely  cbeniical  action.  What 
ia  that  here  prevents  the  direct  passage  of  the  negative  electricity  fi 
tlie  zinc  to  the  byilrogen  remains  yet  to  be  discovered. — fl.  The  aal 
[*f  the  liquid  has  likowiso  some  influence.  Thus,  water  is  more  indii 
|to  electro-chemical,  nitric  acid  to  purely  cbemic&l  action — possibly 
I  the  oxygen-atonj  offers  a  more  effectual  obstacle  to  the  transferenco 
electricity  from  the  zinc  to  the  minute  atom^  of  hydrogen,  than  to 
much  larger  atoms  of  nitric  oiide  evolved  from  the  nitric  acid,— wbich 
indeed,  from  their  greater  site,  must  project  beyond  the  atoms  of  oxygen. 
i.  Zinc  connected  with  copper  takes  up  the  niygea  of  a  watery  litjuid 
more  easily  and  quickly  than  zinc  alone,- — and  consequently  libcrati 
greater  quantity  of  hydrogen  gas  in  a  given  time:  for  the  points  of  ti 
ference  of  negaiive  electricity  to  hydrogen  are  multiplied,  and  the  tran^^J 
fereuco  thereby  facilitated. 

l.  Since,  in  the  action  of  water  upon  zinc,  the  oxide,  as  it  forma,  is 
deposited  on  the  surface  of  iLe  metal,  and  thereby  offers  a  continually 
increasing  obstacle  to  its  contact  with  the  water,  the  oxidation  proc*e<w 
very  slowly,  both  when  the  zinc  ia  alone,  and  when  it  is  connected  witi 
I  copper: — hence,  even  In  the  latter  case,  ihc  quantity  of  negative  electri- 
'  city  which  passes  over  in  a  given  time  is  but  small.  The  presence  of  an 
at-id  and  certain  other  eubstancca  accelerates  the  oxidation  of  the  zinc — 
1.  By  the  predispoping  nffini^'  of  the  acid  for  the  oxide  of  zinc  pro- 
ducedj— and  2.  By  dissolving  the  oiide  and  keeping  the  eurface  of  tli« 
zinc  clean.  By  lliis  addition,  the  quantity  of  negative  electricity  whioll 
passes  over  in  a  given  time  from  the  sine  to  the  copper  ie  much  increased 
— in  other  words,  a  current  of  much  greater  Quantity  is  produced;  but 
the  Inleiinilij  of  tho  current, — that  J8  to  eay,  ita  velocity  and  power  of 
overcomitig  the  tdistiiclcs  which  interfere  with  its  motion— ia  not  on  that 
accoant  nccessariiy  increased;  for  tbo  intentsity  depends  on  the  quantity 
of  negative  electricity  which  can  accumulate  in  zinc  unconnected  witn 
f Copper,  before  it  acquires  a  sutilicient  force  to  overcome  the  obEtacle  pre- 
jted  by  the  oxygen-atom  between  the  zinc  and  hydrogen-atom,  and 
ss  directly  to  the  hydrogen.  It  may  likewise  be  supposed  that  the 
itom  of  ?!iuc-salt  formed  when  an  acid  is  present,  moves  onward,  together 
Willi  the  adjacent  hvdrogen-alom,  from  tho  zinc  toward.s  the  copper  In 
the  manner  described  in/ — .ivlitlst  the  free  acid,  in  connection  with  the 
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axjgen-ttioma  of  the  w&ter,  Is  transferred  from  the  copper  towards  tha 
aiae  eide. 

vt.  Similar  aottona  talfe  place  when  zme  and  copper  arc  immersed  in 
other  liquids.  From  nitric  Mid  zinc  takes  oxygen,  while  negative  clec- 
tticity  passes  oicr  to  the  liberated  nitric  oxide  gas.  From  enlphuret  of 
pot4«$ium,  cuntainiug  several  atoms  of  sulphur,  zinc  takes  sulphur,^ — and 
m6gai\ye  electricity  passes  over  to  the  sulphuret  of  potauaium,  which  has 
Dana  been  deprived  of  pirt  of  it»  eulphar:  and  so  on. 

n.  The  rest  of  the  raetala  and  olher  perfect  conductors  exhibit  rela- 
tiooa  eimilar  to  those  of  zinc  and  copper,  at  least  when  one  of  the  two 
couductiug  bodies  immersed  in  a  liquid  is  capable  of  decomposing  it. 
The  direction  of  the  current  is  always  detcnnined  by  the  difl'erence  of 
»fiinity  of  the  two  coiiductora  for  the  electro-negative  element  of  the 
li«|uid.  JSegntivo  electricity  always  proceeds  from  the  metal,  which  by 
jt«  greater  affinity  appropriates  the  electro-negative  element,  through  the 
c^nnwcting  wire  to  the  other  metal, — or,  what  comes  to  the  same  thing — 
p^tiittve  electricity  goes  from  the  latter  metal  to  that  which  is  in  Ihc  act 
of  combinalvon,  and  possibly,  from  this  through  the  liquid  to  the  inactive 
metal.  The  ^uantilj/  of  the  electric  current  is  directly  proportional  to 
the  strength  of  the  electro-chemical  action.  The  greater  the  quantity  of 
the  electro-negative  element  taken  up  by  the  metal,  the  greater  also  will 
1)6  the  quaatity  of  electricity  which  passes  over, — provided  always  that 
no  purely  chemical  action  take  place  at  the  same  time, — for  the  effect  of 
this  would  be  to  weaken  or  arrest  the  electric  current.  The  following 
circomstancea  accelerate  the  combination  of  the  metal  with  the  electro- 
negative element  of  the  liquid,  and  may  therefore  increase  the  electric 
current;  Increase  of  affinity  and  diminution  of  cohesion  in  the  metal, — 
rwe  of  temperature, — increased  facility  of  conveying  the  negative  electri- 
city from  the  electro-negative  metal  to  the  liqnid,  depending  upon  clean- 
lioew  and  extent  of  aiirface. — The  iension  or  ititensitif  of  the  electric  cnr- 
rtnt  is  jiorhaps  greater  in  proportion  to  the  difference  between  the  affini- 
tiea  of  the  two  motate  for  the  cleotro-negative  element;  the  influence  of 
the  circumHtaacee  noticed  in  i,   1,  must  however  be  taken  into  acc<punt. 

o.  The  metal  endowed  with  the  greater  affinity  for  the  electro-nega- 
tive element  of  the  liquid  may,  by  ite  action,  become  covered  with  a  pro- 
duct which  may  interrupt  wholly  or  partially  the  contact  between  the 
liquid  and  the  metal;  in  sucli  a  caee,  the  affinity  of  the  other  metal  may 
come  into  play,  and  give  rise  to  a  reversal  o/lfie  cunrtnt. 

p.  Two  perfect  conductors  may  produces  a  current,  even  without  ab- 
stracting any  clement  of  the  liquid,  provided  one  of  them  give  up  one  of 
it«  own  elements  to  the  liquid  or  the  metal.  Thus,  from  peroxide  of  man- 
gsnoBc,  lead,  or  silver,  immersed  in  different  liquids,  positive  electricity 
pamm  over  through  the  galvanometer  to  platinum  or  copper.  For,  when 
a  body  of  this  nature  gives  up  oxygen  to  the  liquid,  or  transmits  it  by 
diaplnccincut  of  particles  to  the  metal,  the  oxide,  being  more  or  lesfl 
rcaured,  recovers  its  lost  negative  electricity  by  approjiriating  that  which 
flowi?  to  it  through  the  connecting  wire  from  the  platinum  or  the  copper, — 
the  metal  either  receiving  this  negative  electricity  from  the  liquid  which 
jjivcs  it  up  on  combining  with  tho  oxygen,  or  evolving  it  directly,  when 
it  takes  np  the*  oxygen  itaelf,] 

Kiprrimrnti  with  Water.    Ou  placing  one  above  the  other,  brass,  rinc, 
wood,  damp  wood,  zinc,  and  brass,  the  last-mentioned  brass  iniparteJ 
Scjg^tivc  electricity  to  iho  condenser  of  the  electrometer.  (De  k  Rive.)— i 
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Tbecamereisult  ir»9  obtained  with  copper,  ciac^  fonr  sheets  of  tlrj  ] 

hect  of  damp  paper,  zinc,  copper;^ — the 
lilted; — the  first  sine  gave  positive,  the  setxind  oegstire  elertrictty  ioilie 
oldcUometor.  Again,  wbcn  a  bar  tif  linc  is  wrapped  roand  iritli  pkpiT 
ADd  ODe-h&lf  of  the  paper  wetted,  the  wet  ead  tmjntrls  pomtiire  »l«c*iioljto 
the  electrometer;  the  dry  end — if  a  damp  £he«t  of  p*per  W  laid  on  lira 
condenser  to  facititate  the  condDction— nejtatiTe  efeclricity.  (F«in«r.) 
[Nt'ifative  electricitj  moctunolateg  to  the  last  iiue(p.  342,  c),  itonUWo eieo- 
tricity  in  the  damp  wckmI  or  paper;  and  tbe^  arc  coinniuiiicat«d  to  tlio 
electrometer,  when  it  w  brouiclit  in  contact  with  the  zinc  or  the  inoijtar*.] 

A  aolgtioQ  of  1  part  of  potoseiam  in  100  part.?  of  mercury  i«.  irh6l 
placed  in  water,  etroiigly  positive  towards  platinam;  polisheii  lead  iaako 
positive  towardsi  platinum.  Pottisaium  bein^  soluble  in  water,  and  exid* 
of  lead  likewiao  soluble  though  in  a  ^ligliter  degree,  these  sQbstaaeH 
can  produce  a  etrong  carrent  without  the  inierventJQii  of  an  acid. 
(Faraday*.) 

If  a  strip  of  line  and  a  «trip  of  platinum  in  water  deprifed  of  utj 
giro  at  the  rcimmenceinent  of  the  action  a  deflection  of  15%  this  defieoti< 
will  he  reduced  to  1",  when  tlic  circuit  has  been  dosed  for  some  time;  bi 
will  again  rise  to  15%  after  the  circnit  has  been  left  open  for  24  bou 
Zinc  which  has  become  inactive  by  iramersiifra,  toother  with  jilatiniiiii,  io 
wat-LT    free  from   air,  is    nejjative  towards  zinc  freshly   immersed.      In 
water  conliiiiiinij  RJr,  on  the  contrary,  a  pair  of  lino  and  copper  giroe  a 
iHjnotant  dfiftcction  of  15\     (Buff.) 

Iron,  wlurli  rusta  when  place*!  by  itself  under  water,  remains  bright 
whon  in  e<jutiict  with  zinc,  the  latter  alone  becoming  oxidated.  (Wetdar.) 
— The  io-ca!led  Galvanised  Iron  ia  iron  protected  bg  a  coatittf/  of  pn" 
vcriied  zinc. 

Pollslio<l  lead  is  positire  towards  iron  in  pure  water,  tarnished  l< 
negative,  (^'orke.) — ^In  pore  water,  lead  is  conatanlly,  but  very  feoW_ 

IMioitivo  towards  iron, — the  iron  likewise  oxidating,  though  in  a  lew  degree, 
n  spriHj7-w«tcr,  the  lend  is  positive  at  first;  but  the  inon  soon  becotneB 
positive,  remain-s  so,  and  oiidatea.   (Wetzlar.) 
on  the  surfat-e  of  the  lead  (p.  345,  o),] 

Gold    and    platinttni   together    produce  no   current   in   pnre   wat^ 
(Wrtlckcr,  Beequercl);  neither  does  gold  or  platinum  produce  a  ciirreiil 
with  magnetic  iron  ore,  apectilar  irou^  rod  oxido  of  copper,  or  iron  pyrito 
(Beccjui^rel.) 

!f  the  wet  and  dry  ends  of  a  piece  of  peroxide  of  tnaagancse  be  con- 
iicctetl  with  the  ■mlvanometer,  positive  electricity  passes  from  the  dry  eud 
thruHgh  the  galvanometer  to  the  wet  end.  A  crystal  of  peroxide  ofraan- 
ganese  is  feebly  positive  towards  platinum  in  water,  as  shown  by  the  eal- 
vanometer;  the  current  soon  ceases,  but  reappears  if  the  circuit  be  leA 
oiwn  for  not  less  than  five  minntcs.  Flatiiinm  exhibits  similar  relations 
with  graphite  or  anthracite,  excepting  that  the  latter  becomea  positive.— 

*  These  and  most  of  iLc  laUofnng  eiperunents  were  so  arnutged  that  the  oietiils  in 
contact  with  tlie  liquiti  wer«  connnrtcil  with  the  ends  of  the  gaWaiio meter.     Wbiii  it  ti 
mid,  in  accordance  with  the  received  phra^eolo^,  that  one  metat  is  positive  vritti  rrgirdj 
to  another,  and  the  latter  negntire  with  refard  to  the  former,  it  i»  to  be  understood  tba 
positive  electricity  goes  from  the  negative  inetai  through  the  ^i-itTimomcter  to  the  pftsrliv 
DietaJ  (ami,  a.s  ii  Aometimet  iusiiined,  rrom  the  positive  metal  througli  the  liquid  to  i 
negative  metal).     In  gbort,  the  positive  metal  i>  tbitt  irhieh  is  rhemically  active^nd).  I 
by  taking  ip  the  eleotro-nc^ativc  element  of  the  liquid,  dcTclopc*  negative  eltxtricityJ 
within  itself,  and  sends  it  through  the  jfiifranoineter  to  the  ioactive,  nefative  aietat, — or] 
IVpeives  j)0»itiTe  electricity  from  the  latter  (p.  342,  r'' 
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X*ik«wi86  gold,  magnetic  iron  ore,  epMnlar  iron,  r«4  oxide  of  copper,  and 

tfon  pyrites,  bccomo  positivp  in  water  with  peroxide  of  manganefie  or 
^mpbite.  (Bccfjuerel.)  [With  respect  to  jieroxide  of  nmnganese,  md.  p. 
345,  /».— I>oee  the  action  of  graphite  ro^solt  from  its  having  abaorhcd 
oxygen  from  the  air?]  PJatinuin  is  positive  towards  peroxide  of  lead  in 
pure  Witter.     (ScLcinbcin.) 

If  pUtinam  be  laid  oa  the  condenser  of  the  electrometer,  damp  paper 
on  Ihu  pliitinum,  peroxide  of  inaiiganese  ou  the  pnpor,  and  the  oxido  of 
mangancde  toacbed  with  dry  wood,  the  condenser  will  ehow  positive  elec- 
tricity. When  platinum  and  peroxide  of  mungonese  are  connected  with 
the  galvanometer,  positive  electricity  passes  from  the  peroxide  of  manga- 
nese throngh  the  galvanometer  to  the  platinum.  In.  pure  water,  the  cur- 
rent is  very  weak, — but  stron^r  with  irregularly  crystallized  peroxide  of 
manganeee  than  with  large  single  cryi^tals,  because  the  funuer  is  more 
proDC  to  decomposition.  If  the  oxide  of  manganese  be  left  for  a  con- 
sidcmble  time  iu  water  by  itself,  and  then  connected  with  platinum  in 
nitric  acid,  the  enrront  at  firet  goes  Iho  coutraiy  way — a  proof  that  the 
oxide  of  manganese  has  beeu  superficially  altered  by  the  water,  (DclaKive.) 

If  rinc  with  copper  and  water  give  an  indication  of  4"  in  the  voltaic 
eloctroinctor,  it  will  give  41  with  silver,  4^  with  charcoal,  5  with  gold, 
&X  with  blaek  aalphuret  of  mercury,  G  with  iron  pyrites,  G^  with  peroxide 
of  inrvnganese,  and  y|  with  peroxide  of  lead.  (Rosentlirdd.) 

Electrical  series  of  metals  in  water,  beginning  with  the  most  highly 
c]ectro-]Mj.-(itivc ;  Zinc,  lead,  tin,  iron,  antimony,  bismuth,  copper,  silver, 
gold.  (Fecbner.) 

Experiments  mtk  Dilute  Acids,  not  including  Nitric  Acid. — A  soln- 
tion  of  1  part  of  potaBsinm  in  IMO  parts  of  mercury  ih  highly  poaitlvo 
toward.*  zinc. — Amalj,'am  of  zinc  is  positive  towards  zinc,  anti  amalgam  of 
tin  towards  tin.  (H.  Davy.) 

Perfectly  pure  zinc  flissolvea  more  slowly  In  dilute  sulphuric  acid  than 
commercial  zinc,  which  contains  1  per  cent,  of  iron,  together  with  cad- 
niinni  and  tracci*  of  lead  ami  tin — or  than  an  alloy  of  iO  parts  of  zinc 
with  1  part  of  tin,  lead,  iron,  or  copper, — because  tbcae  impurities  give  rise 
tit  local  electro-oheniical  action  (p.  344,  t.  4).  When  commercial  zinc  and 
pure  iinc  are  placed  in  dilute  sulphuric  s).cld  of  various  degrees  of  strength 
(the  annexed  per  contages  kUow  the  quantities  of  anhydrous  sulphuric 
acid  ill  the  liquid),  the  times  required  to  furnish  a  given  qimutity  of 
hydrogen  gas  are  found  to  be  aa  followa : 


C«fD»«rcUl  lino  . . 
Pure  zinc  ,.,,.... 
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dissolved  by  dilute  sulphuric 
real  acid, — and  pnra  sine  by 


Hence,  commercial  zinc  ia  most 
acid  containini;  from  25  to  43  [>er  wnt.  of 

(hat  which  contains  from  30  to  43  per  cent.  Tlte  crolution  of  ga«  ia  veiy 
slow  at  first,  but  gradually  increases,  reaching  it.^  maximum  in  10  minutes 
with  commercial  Kinc,  and  after  .several  hours  with  pure  xinc:  with  acid 
of  64  per  cent,  however,  the  evolution  of  gas  won  diminishes.  [Docs  this 
ariw  from  the  formation  of  a  film  of  sulpliato  of  xiucl]     Bf  (a  liivt. 

Alloyn  of  lO  parts  of  iinc,  with  I  jiart  of  fin,  lead,  ir«in,  or  Cfipper, 
being  iunnersed  iu  dilute  sulphuric  noiJ  of  varioua  degrees  nf  itrength,  a 
(■«->mj>:vriHon  of  the  times  required  for  the  cvolalioii  «f  a  given  quantity  of 
hydrogen  gas,  with  the  corresponding  inlorvala  iu  the  cose  of  pure  and 
coiumereial  liuc,  givee  the  following  results: 


20-2 

Parerinc    207 

Commercial  zinc      i 
Tin-ifnc ......     2i 

Witt  copper'Einc  the  evolution  of  pks  Mntinually  diminishes,  becai  . 
the  alloy  becoinea  ciwered  with  a  hlact  film  of  oxiae  of  copper  [metaUic 
copperl] ;  wlien  this  is  removed,  the  evolution  of  gas  a^in  becomea  rapid. 
— Tho  Bolution  of  pure  zinc  is  great  1j  accelerated  bj  binding  it  roand 
with  platinum  wire,  (De  la  Rive.) 

W[ien  four  balld  of  zinc  of  equal  else  are  immersed  for  an  hour  in  equal 
quantities  of  dilute  sulphuric  acid,  contained  In  font  vessels  of  equal  siw, 
but  difTcirent  materials,  the  quantity  of  zinc  dissolved  in  th*  fflass  tc5<«1  is 
found  to  be  1*5,  in  the  silver  vessel  51,  in  the  gold  vessel  6^,  and  in  the 
platinum  veaael  79  millcgninnnca.  On  being  afterwards  immersed  for  an 
Dour  in  four  gluss  vessels  containing  eqnal  quantities  of  acid  of  the  same 
strength,  the  ball  previously  immersed  in  the  other  glass  vessel  loses  1*5, 
that  from  the  silver  vessel  5,  from  the  gold  8,  and  from  the  platinum 
11  millegrammes.  (Boucliardat,  Ann.  Cfiim.  Pkt/^.  53,  284,)  [Had  the 
ballfi  the  same  temperature  in  the  second  experimentn 

Balls  of  zinc  inunorsed  for  tho  same  time  in  dilute  sulphuric  acid, 
dilute  hydrochloric  acid,  or  solution  of  ammonia,  lose,  accordiug  to 
Boucbardtit,  the  following  i^aaDtitiesj  varying  with  the  nature  of  the  con- 
taining vessel. 


Vessels. 
Gkn  .... 
Sulphur  . . 
BUck  lead 

Tin 

Lead  .... 
Antttnonf 
Bismutli  .. 


Hyd.  tc. 

i 

& 
10 
12 
14 
41 
ib 


Sulph,  AC. 
A 
3 

12 

28 
38 
38 


Am. 


12 
15 
18 
20 


Vegaek. 

Silver 

Gold   ...... 

PUdnnm, ,  ,. 
Copper   ..  .. 

Brass  ..,,,, 
Iron    


Hyd.  M, 
S3 
52 
5S 
70 
12i 


Snlpli.  tc. 

Bi 

100 

lie 

150 
190 
130 


Am. 
22 
2i 
2? 
10 
103 


With  balls  of  commercial  zinc,  the  loas  of  weight  in  dilute  atilphurio 
acid  in  a  quarter  of  an  hour  amounts,  in  glass  vc&sels  to  0,  in  sulphur  to 
10,  in  lead  to  310,  in  antimony  to  050,  in  bismuth  to  342,  In  silver  to 
$85,  and  in  platluuni  to  712.  (Douchardat.) 

Two  line  plates  of  equal  size  being  placed  iu  dilute  sulphuric  acid  (I 
part  oil  of  vitriol  with  from  8  to  I G  of  water),  and  one  of  them  connectod 
with  a  plate  of  polished  lead,  the  second  loses  much  less  weight  than  the 
first  (this  is  contrary  to  Bouchardat'e  statement);  with  hydrochloric  »cid 
an  opposite  result  is  obtained.  (Ilunge,  Pogg.  43,  581.) 

To  obtain  amalgamated  zinc,  mercury  is  placed  upon  the  xiue,  tof^fr- 
ther  with  dilute  sulphuric  acid,  and  both  liquids  spread  upon  the  plate  by 
meana  of  a  pud  of  cloth  or  linen,  the  acid  being  from  time  to  time  renewed. 
(Masson,  ^n».  C'kini.  P/ii^s.  GO,  334.)  Or  the  iKittam  of  a  oapaiiioufi  diah 
being  covered  with  mercury  and  sulphuric  acid  poured  upon  it,  the  tine 
pltite  is  immersed  in  the  acid,  its  i^urfaco  touching  tho  mercury, — turned 
after  two  or  three  hours,and  afterwards  taken  out,  (Liebig,/!  Hfi.PAftrw.  29, 
III.)  [This  covering  of  the  zinc  with  mercury  depends  on  a  peculiar 
galviuiic  action.  The  n>ercury, — which  is  in  contact  with  the  ziue  at  oSC 
point,  and  takes  np  the  negative  cloctricity  set  free  iu  the  linc, — instead 
of  giving  rise  to  a  transposition  of  atoms  in  the  water,  attaches  itaelf,  in 
consequence  of  its  mobility,  to  the  liikc,  &ud  thu^  imparts  negative  elee< 
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riehy  directly  to  the  hyJrogen-atom  of  llie  atom  of  irater  wliicli  baa 
'given  up  ita  oxygen  to  the  zinc] 

Amalgamated  zinc  wlien  alono  is  not  attached  by  dilute  sulpLarlo 
wid;  but  when  it  ia  connected  witli  platinum  or  other  metals,  a  powerful 
action  takes  place,  tlie  hydrogen  ^aa  being  wholly  evolved  on  the  surface 
,  of  the  platitmm,  not  upon  the  zinc.  (Faraday.) — Amalgamated  zinc  im- 
mersed  la  dilute  sulphuric  at  1  becomes  covered  after  a  time  with  gaa- 
babblea,  which  adhere  strongly  to  it;  no  loss  of  weight  can  be  detected  in 
tbe  xinc,  even  after  four-and-twenty  hours.  The  adhering  hydrogen  gas  ap- 
pean  then  to  protect  the  zinc  from  the  action  of  the  licjuid.  Wliea  iimal- 
gamated  zinc  is  connected  with  platinunij  the  liydroyen  being  all  transferred 
to  tbe  platiniun,  the  zinc  is  dissolved.  If  the  dilute  sutphuric  acid  con- 
tains a  iittlo  nitric  acid  mixed  with  it,  that  acid  converts  tbo  hydrogen 
into  amnioaia,  aud  then  ttie  amalgamated  zinc  di«*solvi?e,  eren  though  not 
connected  with  platinum.  (Uauiell,  De  la  Rive.)  [But  pure  zinc  likewise 
become^  covered  with  bubbles,  and  dissolves  lieverthelc^s.] — ^The  coating 
of  mercury  makes  the  surface  of  the  zinc  uniform,  so  that  tbe  alloys  pos* 
Bibly  contained  in  it  cannot  give  rise  to  any  local  clectro-cheraical  action  j 
it  therefore  makes  commercial  zinc  like  pure  zinc.  (Grove.)  [But  pare 
zinc  dissolves,  altbougli  tbo  action  goes  on  slowly, — amalgamated  zinc 
not  at  all.]  The  mercury  appears  to  prevent,  in  some  unknown  manner, 
the  direct  transference  of  negative  eleclriclty  from  the  ziuc  to  tbe  hydro- 
gen (p,  345,  i,  5.) 

Atuatgninated  ztuc  in  dilute  .'sulphuric  acid  is  positive  towards  tbe 
same  metal  unamalgainatcd  {H.  Davy);  because  the  latter,  in  consequence 
of  tbo  strong  purely  chemical  action,  in  more  quickly  surrounded  with 
aaturatcd  suljjhuric  acid  [which,  however,  should  bo  aooneat  removed  by 
tl>e  rapid  disengag'emcnt  of  gas].     (Faraday.) 

When  two  pieces  of  amalgamated  zinc  of  the  same  siio  are  imnicrsod 
in  dilute  sulphuric  acid,  and  one  of  them  is  connected  with  copper,  the 
latter  piece  loses  32-31  parts  for  every  I  ]>art  of  hydrogen  evolved  at  the 
«iirfacc  of  the  copper  (1  at.  H.  to  1  at.  Zn.),  wliiio  the  other  piece  suf- 
fers no  diminution.     (Faraday.) 

Amalgamated  zinc  produces  with  copper  a  mncb  more  copious  current 
than  onlinjiry  zinc.     (Poggendorif.) 

An  amalgamated  zinc  plate,  connected  with  copper,  and  immerse^i  in 
dilute  sulphuric  acid,  loses  more  weight  in  the  second  half  lour  than  in 
the  first,  in  the  thir^l  more  than  in  the  second,  and  eo  on,  till  it  is  again 
amalgamated.     (Binkt*.) 

Amalgamated  zinc  in  dilute  sulphuric  aoid,  in  connection  with  amal- 
gamated copper  which  dips  into  mercury,  or  only  with  amalgamfttod  pla- 
tinum, is  at  first  strongly  pnsitive,-^bqt  the  current  ceases  in  a  few  minutes: 
bat  on  replacing  tbo  amal^'amatod  zinc  by  unamalgamated  platinum,  a 
cnrtent  in  the  contrary  direction  is  ^et  up.  The  amalgamated  metal  Is 
itive.  The  mercury  probably  coinbiwca  with  hydrogen,  and  thereby 
Dinea  sa  strongly  positive  as  the  amalgamated  zinc.  (Grove) 
Black  lead  or  freshly  ignited  gas-coke  placed  in  sulphuric  acid  witli 
Tunalgn mated  zinc  imjiiediately  UheratcB  hydrof^en  g&s;  porous  coke  and 
box-wood  clmrcf^al,  on  the  contrary,  not  till  after  some  time,  because  they 
nhnorb  the  tirst  portions  of  liberated  hydrogen.  If  they  are  then  placed 
by  thomKclves  in  a  solution  of  lead,  copper,  mercury,  sdver,  or  gold,  they 
Ijccomc  covered  with  a  thin  metallic  film,  just  a^a  ibcy  liberate  iodine  from 
ioilic  acid.     Coke  retains  hydrogen  for  furty-eiiflit  hours.     (Smce.) 

Zinc  gives  with  iron  in  dilute  sulphuric  acid  a  current  four  ttuiea  aa 
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ae  »eiJ,  on  the  contrary,  the  eolution  of  iron  is  accelerated  by  contact 
'Ik  I«6d.     (Range.) 

In  cold   dilute  sulphuric  acid,  tin  is  feebly  positiTB  towards  lead; 
htly  ne^'iitive.  when  theiteid  is  wartn.     Towards  iron,  tin  is  positive  in 
acid,  often  slightly  negative  in  warm  acid,     (Faraday.) 

mony  la  dilate  sulphmio  acid  is  positive    towards    btgmutb. 

'^•^     .  .    . 

Ipod  in  dilute  acid  la  stronglv  xtwitivo  townrds  arsenic    (De  la  Rive) 

Nickel  in  dilute  sulphuric  acid  is  positive  towards  antimony  and  bis- 

th.     (De  la  Rive.) 

Copper  in  dilute  acids  ia  positiire  tois-anls  eilver  and  platlnnin;  so  also 

"iTcr  towards?  platiniint.     (Walcker.) 

Gfild  cicrta  a  scarcely  perceptible  positive  reaction  towards  platintini 

dilute  sulphuric   acid,      (Ritchie.)      In    dilute   iralphiiric  acid   it   is 

iVe;  in  (lilute  hydrochloric  arid,  negative.     (Walcker.) — In  a  mil- 

1  {lart  oil  of  vitriol  and  100  water,  it  ia  at  first  poeitive, — ^thcn,  after 

I  itnntersiona,  neutral,  and  fiuhseqnentjy  negativG.     (Marianini.) 

Pttllatliam  {rives  no  current  with  platinum  in  pare  hydrochloric  acid, 

t  beconiea  positive  on  the  luldition  of  nitric  acid.     (De  la  Rive.) 

Anthracite  in  dilute  sulphuric  or  hydrochloric  acid  is  negative  towards 

pper,  silver,  or  platinum.     (Becqucrel.) 

Platinum  ia  at  firHt  positive  towards  graphite,  nentml  after  sevorftl 

lioerfiions,  then  negative.      The  graphite  remains  unaltered;  but  the 

iinnni  ia  rendered  positive  towards  other  platinum,  losing  thia  property, 

wever,  by  ignition  or  immersion  in  boiling  wattT,     Gold  and  eilver 

Ehibit  similar  relatione  towards  graphite,  but  in  a  lower  degreo.     WLen 

utiuum,  gold,  or  silver  is  iiumerticd  in  contact  with  gmpbite  tillitoeasea 

produce  deflection  of  the  needle,  and  then, — while  still  remaining  in  the 

sid — connected  for  a  short  time  with  zinc,  it  again  becomes  positive  to 

iphite.     Pueaibly,  when  theae  motals  are  placed  in  contact  with  gra- 

liic,  a  portion  of  oxygen  becoinea  fixed  upon  them,  and  renders  them 

ore  negative;  and  when  they  are  connected  with  zinc,  thia  oxygen  ia 

oved  by  the  hydrogen,  the  latter  then  accumulating  on  the  surface  of 

.e  tnelal;  for  plutinnm  which  has  bcou  in  contact  with  zinc  under  dilute 

id  ia  pofeiliYc  towards  platinum  which  ha«  not  been  so  treated,     (Ma- 

tnini.) 

Platinum  is  feebly  positive  towards  peroxide  of  manganese  in  diluto 

tad.  (Do  la  Kivc), 

Pairs  of  plates  of  the  same  size  of  different  metals  immersed  in  vcty 

Unto  sulphuric  acid  produce  the  following  detlcetions  of  the  needle: 

Zo)c  with  lead  H'W",  with  iron  0  3%  with  copper  8'tr,  with  gold  60'', 

ilh  phitinum  3-3^.'— Tin  with  copper  j'O  ,  with  sih'cr  40',  with  gold  or 

latinum  1'0'^.^Lead  whh  iron  E'O'',  with  copper  fi'3"^,  with  silver  <•<}% 

ith  gold  1'5\  with  platinum  20\ — Iran  with  copper  30",  with  gold  or 

ItttinDDi  ro'. — Copper  with  silver  33",  with  gold  or  platinum  O;?'.— 

If/ wr  with  gold  or  platinum  0'3'.     The  positive  metal  in  each  case  has 

is  name  printed  in  Ualicf. — These  deflections  aro  not  in  accordance  with 

e  tlieory  of  contact.     The  smallest  defiecti<*na  are  those  obtained  with 

Jrs  containing  gold  or  platinum; — it  is  true   that  platinum   docs  niit 

luduct  ¥0  well  ns  Hiher;  but  gold  conducts  better — and  yet  copper  and 

ilrer  give  a  stronger  deflection  than  cop|>er  s^nd  gubl,  (Marianini.) 

Eleetrical  series  »f  perfect  cotiducturs  in  diluto  acids, — each  body  of 

ic  BcricH  being  negative  with  thoso  which  precede,  and  poatlvo  with 

a«o  which  follow  it: 
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abnn<}ant  as  with  copper,  the  sIeo  of  the  plat«s  ljein<;  the  f:nnio  in    bol 
cases, — so  that  a  ten-pair  hattery  of  zinc  and  iron  yieUs  in  seven  iniai 
(if  the  polar  wires  tiro  made  to  dip  into  water)  as  much  (letn>>- 1^..  - 
4  battery  of  zinc  and  copper  of  the  sumo  dinienaions.     But  ihe 

flimntity  of  the  electric  current  that  is  gtv^i^r  In  the  case  of  xiu^  i.u.i  irt>a; 
the  teusion  is  smaller.  At  the  first  moment  of  irametsion,  llie  i^itanlitjr 
also  is  greater  with  zinc  and  copper;  but  the  copper  soon  becomofl  eo- 
Tered  with  a  dark  film  of  oxtde  [aulphiirett],  while  the  iron  mnWB' 
clean, — and  this  film  int-erfercs  with  the  electrical  conduction  between  ibo 
cup^wr  and  the  liquid.  When  a  pair  of  zinc  and  iron  platet,  and  a  pair  of 
irina  and  copper,  are  left  in  action  for  twelve  honrf<,  the  following  \oas  of 
metal  is  observed;  Copper,  (1;  zinc  connecter!  with  it,  96  grains;  iron,  9 
grains;  zinc  connected  with  it,  74  grains.  It  appeam,  then,  that  a  small 
quantity  of  iron  is  dissolved;  nnd  of  tlic  zinc  connected  with  copper  mom 
than  of  the  other  zinc, — and  yet  the  qaantity  of  the  current  is  greater 
with  zinc  and  iron.  [Hence,  zinc  and  copper  produce  a  greater  amount 
of  purely  chemical  action].  (Martyn  Roberta,  Pkit.  Ma^.  J.  16,  1*2; 
1»,  106.) 

Zinc  and  iron  prodnce  a  more  copious  current  than  eren  zinc  and 
silver  or  einc  and  platinum,  both  in  dilate  snlphnrie  and  dilute  nitric  acid; 
and  the  plates  of  the  zinc  and  platinum  pair  ruust  have  a  surface  three 
times  na  great  an  that  of  the  iinc  and  iron  to  yield  the  same  quantity  of 
electricity.  But  the  intensity  of  the  current  c.tcited  by  zinc  and  iron  is 
amaller.  If  the  quantity  of  electricity  yielded  by  zinc  and  iron  be  260, 
that  yielded  by  zinc  and  copper  is  100:  when  the  pla.tes  arc  connected  by 
a  wire  .50  feet  1od^%  the  quantity  yielded  by  zinc  and  iron  is  S-I'T.  and  by 
zinc  and  copper  18,  The  resistance  of  the  Igng  wires  dJniinishe?,  Ihens- 
forc,  the  quantity  yielded  by  r.inc  and  iron  from  100  to  13,  and  by  zine 
and  copper,  from  tOO  to  IS. — When  the  plates  arc  connected  by  a  fine 
wire  2000  feet  lonj*,  tlio  quantity  of  electricity  yielded  by  zinc  and  iron 
is  to  that  funiishod  by  the  zinc  and  copper  as  1000  :  1678.  With  amal- 
gamated iron,  Kinc  yields  a  mnch  feebler  current  than  with  common  iron. 
(Poggendorfl.) 

tlottllrg  (fftft.  2Sj  475)  constructed  a  powerful  pile  with  plates  of 
iron  covered  with  zinc  on  one  side,  and  moistened  pieces  of  cloth. 

Cadmitiin  is  positive  towards  iron  in  dilute  suTphnric  acid,  nnd  Ttclds 
400  timca  more  electricity  than  copper  with  platinnm,  Nevertfieless, 
more  iron  than  cadmium  is  dissolved.  (Poggcndorff.)  [This  deserves 
attention. J 

Tin  is  positive  with  lead  in  concentrated  aqaeons  solation  of  oxalic 
or  fcirtaric  acid,  negative  in  very  dilate  solutions.  (Fcchner.) — Tin  i» 
positive  with  iron  or  copper  in  dilute  acid  (Do  la  Rive);  and  »  stoel  wire 
coTi«eqacDtly  remains  lipight,  and  loses  no  weight,  when  placed  in  contact 
with  tin  under  dilnto  hydrochloric  acid.  (J,  Da\-y.) 

The  following  are  the  weights  lost  by  tin  balfe  of  equal  size  placed  (ot 
an  hour  in  very  dilute  hydrochloric  acid,  containedin  vosfiols  of  difi<9rciit 
materials:  in  vessels  of  glasa  or  sulphur,  3;  of  lead,  12;  silver,  19;  antimnny, 
34;  bismath,  .^6;  copper,  70;  platiiium,  8.">;  g-old,  201.     (Bonchardat.) 

Polished  lead  is  poaitive  in  dilute  acid  towards  iron  and  copper,  tar- 
nished lead  negative.  (Yorke.)  In  dilute  hydrochloric  or  sulphuric  acid, 
iron  is,  after  the  first  moment,  positive  towards  lead.  (WctzJar.)  [Was 
the  lead  quite  clean?].- — Iron,  when  in  contact  with  load,  dis.?olves  more 
slowly  ia  dilate  sulphuric  acid  than  when  alone:  after  a  few  daTs,  the 
^Jroa  Becomes  duJJ,  and  coTCtcd  ■WilK  ?u\\iba.V^  ^t  \caA.    la  d.ilute'hydfO- 
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forie  aerd,  on  the  contrary,  the  solution  of  iron  is  ftocelerated  by  eoniact 
Mjlitli  lead.     (Rmige.) 

ruhd  Fn   raid   ililut*  snlpburic  acid,  tin  is  feetly  positive  towai'dB  lead; 
negtitive,  when  the  acid  is  wann,     Tovranls  iron,  tin  le  positive  in 
I  I,  often  slightly  negative  in  warm  acid.     (Fara^lay.) 

Anti'^fmy  in  dtlnte  aulpburic  acid  is  positive  tovarda  hismnth. 
(Fecbner?) 

Inm  in^dilnte  acid  is  strongly  positive  towards  arson ic,    (De  la  Rive.) 

Nick<?l  in  diluto  sulphuric  acid  is  positive  towards  antimoiiy  and  bla- 
muth.     (Do  I»  Rive.) 

Copper  in  dilute  acids  is  ponitive  tovcardg  silver  and  platinum;  so  also 
is  silver  towards  platinum.     (Walcker.) 

Gold  exerts  a  scarcely  perceptible  positive  reaction  towards  platinum 
in  dilute  sulphnric  acid.  (Ritchie.)  lu  dilate  milpliuric  acid  it  la 
poB(tiv<i;  in  dilute  hydrochloric  acid,  negative,  (Walcker.) — In  a  mix- 
tnro  of  1  part  oil  of  vitriol  and  100  water,  it  is  at  first  positive, — ^tUou,  after 
aeveral  immersions,  neutral,  and  sahsequently  negative.     (Marianini.) 

Palladium  gives  no  current  with  platinum  in  pure  hydrochloric  acid, 
bat  beeoDit's  positive  on  the  addition  of  nitric  add.     (De  la  Rivo.) 

Anthracite  in  dilute  sulphuric  or  hydrochloric  acia  is  negative  towards 
copper,  .silver,  or  platinum.     (Becquorel,) 

Plaliaani  ia  at  first  positive  towards  graphite,  neutral  after  several 
immersiuDS,  then  negative.      The  graphite  remains  unaltered;  but  the 

Elatinnui  ia  rendered  positive  towards  other  platinum,  loaingtbis  property, 
owever,  by  ignition  c>r  immersion  in  boiling  water.  Gold  and  silver 
exhibit  simdar  relation.?  towanla  graphite,  but  in  a  lower  degree.  When 
platinum,  gold,  or  silver  is  immersed  in  contact  with  gniphite  till  it  «ases 
to  produce  deflection  of  the  needle,  and  then, — while  still  remaining  in  the 
acid — connected  for  a  short  lime  with  ziuc,  it  again  becomes  positive  to 
graphite.  Possibly,  wlien  these  metals  are  placed  in  contact  with  gta- 
pliite,  a  portion  of  oxygen  becotu^a  flx<ed  upon  them,  and  renders  tbcm 
more  negative;  and  •when  they  arc  connected  with  zinc,  this  oiygcn  is 
removed  by  the  hydrogen,  the  latter  then  accuninlatlog  on  the  surface  of 
the  metal:  fc*r  platinum  wliicli  has  been  in  contact  with  zinc  under  dilute 
acid  is  positive  towards  platinum  which  has  nut  been  so  treated,  (Ma- 
rianini) 

Platinum  is  feebly  positive  towards  peroxide  of  manganese  in  dilutd 
acitL  (De  la  Rive). 

Pairs  of  pliitee  of  the  same  fliie  of  different  metals  immersed  in  very 
dilute  sulphuric  acid  produce  the  following  deflections  of  the  needle; 

JSinc  witli  lead  t>0  ,  with  Iron  6  3°,  with  copper  8*0",  with  gold  6"0°, 
with  platinum  3'3'.  —  Tin  with  copjjer  5*0',  with  silver  4*0^,  with  gold  or 
platinum  I'O^. — Lead  whh  iron  2'0",  with  copper  SS',  with  silver  4-3'*, 
with  j;old  \'3\  with  platinorn  2*0", — Iron  with  copjjor  30",  with  gold  or 
platinnm  1*0'. — Co;j/ier  with  silver  33^,  with  gold  or  platinum  03". — 
Silv^  with  gold  or  platinum  O'S''.  The  positive  nictal  m  each  case  liaa 
its  nanjc  printed  in  italics. — These  deflections  arc  not  in  accordance  with 
the  theory  of  contact,  The  smallest  deflections  are  those  obtained  with 
|>ftir9  containing  gold  or  pliitiuum; — it  is  true  that  pJatinam  docs  not 
conduct  so  well  us  eJlver;  Imt  gold  conducts  better — and  yet  cojiper  and 
«ilvi*r  give  a  stronger  deflection  than  copper  ^nd  gold.  (Marianini.) 

Electrical  aeries  of  f)erfet;t  condiietors  in  dilute  acids, — each  body  of 
the  Bcrie*  being  ttegalivo  with  ihosc  "which  procode,  and  positive  with 
tboie  nbtch  follow  it: 


Aooording  lo  Sir  H.  Daw:  PoteBsiura  and  its  ajnal«»«,„  ■  ■  . 
its  nm&Igain,  unc-amaljrani,  *me,  animonium-anial^ra,  eadnuum  tia 

buniiuth,  antimony,  lead,  copper,  silver,  patladimn,  teHuriut,,^  iroM. ' 
ntmi,   iridium,  rhoctiuiii.     Bolletl  copj>or  is  positive    towarcJ«'  tLat  * 
eonUims   carbon  (overpuled);  tlila  towards   tbc   sfime    n]el«J    oi'n'< 
«uboxtdo  /nnderpoled);  and  thie  tQwards  copper  cniitainirig  tin. 

According  to  Faraday:  In  a  mixture  of  wip  measure  uf  oil-TilBol 
witli  one  measure  of  water:  Zinc,  cadmium,  tin,  lead,  iron,  nicko>i>nnrth, 
antrmouy,  copiJcr,  eilver. 

According  to  PfafT:  Zinc,  cadmium,  tin,  lend,  iungaten,  jfon,  ^tnmik, 
anliniony,  copper,  silver,  gold,  tcllarium,  platinum,  palUidiaBL. 

According  to  Marianini, — in  very  dilute  sulphuric  acid;  Zinc,  cW 
coal  immediately  after  bein^  cooled  in  water  (contaiiiitig  bvJrofjen  \!ben- 
fore)  polished  lead,  tin,  manganese,  tarai^hed  lead,  iron,  tna^etir  imQor^ 
bra£9,  copper,  hrass  very  much  corroded,  bismutlt,  nickel,  cUarci^l  »<>on 
after  being  qncnched  in  water,  bright  antimony,  tinstone,  native  *u1jihat« 
of  molybdenum,   bright  arsenic,   tarnished   antimony,   silrer,   mcrfuiy, 
tarnished  arsenic  and  arsenical  silver,  red  silver,  galena,  freshly  prcpwwl 
C:harcoa1,  copper-nickel,  copjior- glance,  arsenical  cobalt,  black    tellurium, 
copper  pyrites,  platinum,  gold,  auriferous  native  telJurium,  cubiciJ  iKiB 
pyrites,  graphite,  arsenical  pyrites,  magnetic  pyrites,   atnorphous  iion 
pyrites,  peroxide  of  mangancBO,  charcoal  long  exposed  to  the  air. 

Experimentt  with  Concenlvaiul  HydrocMoric  Acid,  Zinc  gives  with 
platinum  a  current  which  is  feoblo  as  long  as  the  chemical  aolioii  continow 
powerful,  but  becomes  stronger  as  the  chemical  action  diminishes.  (Pfaff.) 

Tin  is  negative  with  lead  at  the  beginning  of  tbo  action,  but  after- 
wards becomes  perraanentiv  positive,  because  the  lead  acquires  a  coating 
of  chloride  of  lead.— Nickel  is  positive  towards  antimony  and  negstire  to 
bismuth,  (Faraday.) 

In  fuming  hydrochloric  acid,  biemuth  and  copper  arc  positive  towards 
antimony :  biemuth  is  firt^t  positive  towards  copper,  and  afterwards  nega- 
tive. (Fechner.) 

Platinum  ia  very  feebly  positive  towards  gold  in  concentrated  hydro- 
chloric acid.  (Walckcr,  Fechner.) 

When  copper  or  silver  is  fastened  to  anthracite  by  means  of  a  wiffi 
under  strong  hydrochloric  acid,  dichloride  of  copper  in  tcttuheilrons  or 
chloride  of  flilvcr  in  transparent  octohedrons,  is  after  a  time  dcpusiled  on 
the  metal  whicli  remains  poaitive^while  carhnrctted  [?]  hydrogen  gaa  ia 
evolved  at  the  surface  of  the  anthracite.   (Bceqnerel.) 

Platinum  is  strongly  positive  towards  iM?ro)dde  of  matigaae^  chlorinfl 
being  evolved  and  chloride  of  manganese  produced. 

Electrical  series  of  metals  in  hydrochloric  acid,  according  to  Farxiiay : 
Z'lac,  cadmium,  tin,  lead,  iron,  copper,  bianintli,  nickel,  sitver,  nntimony. 

SxperimcnU  ipith  Oil  of  VUrioL  In  ftuning  sulphuric  acidj  ainc  la 
first  nogattvo  towards  lead,  then  neutral,  then  positive. — Zinc  is  nes^tiro 
to  tin  and  remains  s»  on  moderate  dilution  of  the  acid;  ■w-hercas  fresh 
line  in  the  same  mixture  would  be  positive  towards  tin: — sine  or  tin  ia 
positive  towards  iron; — bismuth  positive  towards  zinc,  lead,  or  antimony; 
■ — bismuth  towards  tin,  first  positive,  then  negative.  (Fechnor.) 

A  pair  of  zinc  and  copper  in  oil  of  vitriol  produces  a  current  which, 

together  with  the  accompanying  development  of  gas  on  the  tine,  soon 

"eases.     Breaking  the  circuit  does  not  restore  the  current;  agitation  on 

1  surface  of  the  sine  restores  it  p.Trtially;  but  a  drop  of  water  en  the 
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[wliicL  dissolves  the  incrusting  eulphatfl  of  zinc]   immediately 

tcwrreut  and  ati  evolution  of  gas.  (RosensctmlJ.) 

heutcd  by  itself  in  oii  of  vitriol  io  240°  dissolves  quickly,  with 

I  loll  of  bydrugen  tiiid  aiilphuroua  ikcid  qaa;  brought  into  contact  with 

nrn,  it  takes  three  times  as  long  to  dissolve, — and  the  ij'iis,  which  is 

fvohcd  on  the  surface  of  the  jdatJuum,  ijB  nearly  pure  eulphurous 

actii.    (Andrews.) 

Load  in  oil  of  vitriol  remains  positive  towards  platiaum  for  oiebt  dava. 
(VUff) 

i^ilver  in  oil  of  vitriol  is  poeitive,  gold  negative  towards  platinum. 
(Walck«r.) — Charcoal  is  negative  towards  platinum.  (Walcker.) — Cliar- 
C(>^  is  very  strongly  positive  towards  platiauni  when  the  oil  of  vitriol  ia 
heated  to  between  10U°  or  150%  at  which  temperature  the  charcoal  iu 
powerfully  attacked  by  the  acid.  (Do  la  Rive.) 

SjcpertTTitnts  tPilh  jJilute  Nitric  Acid.  Zinc  is  strongly  positive 
towards  cadmium, ^ — Iron  and  nickel  are  permanently  pof^itive  with 
autiiDODy,  and  bisinutJi.  (Faraday.) — When  zinc  ia  connected 
metallic  lead  in  a  mixture  uf  one  part  nitric  acid  of  1*3  sp.  gr.  and 
4  parts  water,  3  portion  of  lead  ia  dissolved  os  well  as  zinc;  and,  if  the 
xioc  be  in  the  upper  prirt  of  the  liquid,  a  lead-tree  i?  formed,  (Runge.) 
[Were  the  melals  in  intimate  contact?]  Lead  is  positive  towards  iron 
and  copper,  and  is  very  strongly  acted  upon  when  joined  with  tliem. — 
Gold  and  platinum  wbea  united  give  no  current  at  tirestj  but  when  they 
Lave  liocn  kept  sepsirate  for  sonio  time  in  the  acid  and  are  then  nnitea, 
the  4'o!d  bfconies  positive,  (Becquerel.) 

Plaliiiiim  is  positive  towards  peroxido  of  lend,  tlie  current  coatinning 
till  all  the  peroxide  of  lead  \m&  disappeared.  (SchSnbeiu.) 

Electrical  eeries  according  to  Dc  la  Bive :  Zinc,  tin,  morcuiy,  lead, 
iMD,  peroiido  of  iron,  copper,  silver, 

According  to  Faraday  (one  meaeuro  of  concentrated  nitric  acid  with  7  of 
water):  Zinc,  cadmiuWj  lead,  tin,  iron,  nickel,  bismuth,  antimony,  copper, 
«Uver. 

Experiments  iifich  ConeentraUd  Nilric  Acid,  Many  metals  when 
Immersed  in  this  acid  undergo  a  change  uf  state;  they  become  more 
electro-negative,  less  oiciduble,  aud  lo.^c,  cither  wholly  or  for  the  most 
part,  their  tendency  to  decompose  acida  and  metallic  oKides-  they  poas 
from  their  ordinary  aelive  elate  into  a  passive  state.  This  was  first  showu 
ty  Keir,  with  respect  to  iron  immersed  Jn  solution  of  nitrate  of  silver  or 
fnining  nitric  acid;  and  the  subject  was  followed  up  by  Hertichel,  Wetalar, 
Farudjiy,  Mouasoti,  Andrews,  and  particularly  by  ScLoubcin.  It  is  pro- 
bable that  some  of  the  facts  relating  to  this  matter  may  not  be  of  galvanic 
nature;  Imt  they  arc  so  closely  connected  with  galvanism,  that  it  would 
not  ho  ctmvonieut  to  consider  tbeni  apart  from  that  subject. 

£i/u  cannot  bo  rendered  permanently  paaeive.  So  long',  however,  as 
it  i«kcpt  in  contact  with  [datiauui  in  nitric  acid  of  1*5  sp.  gr.,  it  dissolves 
much  more  slowly  than  under  ordinary  circumstances.  (Andrews.) — la 
BtroMg  nitric  acid,  it  id  powerfully  negative  towards  cadmium,  (Faraday.) 

Tin  in  the  shape  of  foil  underi'oes  no  change  in  nitric  acid  of  1'5 
tf.  gr.,  even  when  boiled  for  It)  minutes;  whereas  diluic  nitric  acid  im- 
mediately converta  it  into  the  hydratod  jwroxjde,  the  action  being 
attoiided  with  violeot  he^it  and  ovolution  of  gas.  When  tinfoil  is  dipped 
_iBto  nfid  of  1-5  sp.  gr.,  and  then  taken  out,  oJtidation  begins  after  a  few 

tmda  at  a  single  point,  and  eptcads  rapidly  over  all  tbc  partd  that  have 

VOL.  I.  2  a 


ELICTBICTTT, 

wotteJ.     This  oxidation  ia  not  brought  about  hy  the  moisture  o' 
the  air  or  by  the  oxygea  contained  in  it;  for  it  likowise  takes  placo  in  *'^ 
ilried  by  ohloritie  of  calcium,  or  in  hyJrogeja  ^m.     Hence  the  strong 
dtioti  not  oxidiice  tin  wiiep   it  covers  that  Iiii3tal  in  large  quaiuiiv 
readily  when  ipreail  over  it  in  a  thin  film,  (Schrinhein.)     [But  • 
tinfoil  wetted  with  a  very  amull  qua,ntity  of  nitric  acid  likewii^c  ..,1^1.., 
tmattackeJ.] 

la  nitric  Rcid  of  snob  a  strength  as  not  to  ftttnck  iron,  biU  to  act 
rapidly  upon  tin,  the  liitter  remains  almost  passive— if,  before  liimersion, 
it  he  conneoted,  either  immediaLcly  or  by  the  gaJv^anotnoter,  ^vHb  u  pre- 
Tioualy  immersed  utrip  uf  plutltium.  Pusitivo  electricity  Ih on  goes  from 
platinum  through  the  galvanoTneter  to  the  tin,  and  small  pieoM  uf  oxid« 
separate  from  the  latter.  The  tin  thus  treated  remains  jmssivG  even 
after  being  separated  from  the  platiaura;  but  if  the  slightest  motion  b9 
given  to  it,  or  if  tho  part  of  the  luetat  which  projects  frotn  thi  liquid  be 
wetted  with  nitric  acid,  rapid  oxidation  soon  begins.  (Mousaon.) 

Nitric  acid  of  I'd  ep.  frr.  does  uot  act  upon  tin,  even  when  tho  metal 
is  jiiimersed  in  it  for  weeks;  acid  of  1-47  6p.  gr.  acts  riulently.  Bat 
wlien  aeid  of  tho  Imt  mentioned  strength  is  contained  iu  a  platiniiin 
Teaael,  and  a  piece  of  tin  its  introduced  into  it  in  aueh  a  manner  aa  to 
t4m«b  tho  platinum  before  immersion,  tho  tin  becoinee  pasaive  and  re- 
mains no  after  being  separated  from  the  platinum,  (Androwe.) 

Tin  in  contact  with  platinum  in  concentrated  nitric  acid  gives  merely 
a  transient  current  when  agiUited.  (Fiiraday.)  By  Jnimersion  in  nitric 
acid  iu  conneetion  with  platinum,  tin  is  rendered  negative  towards  all 
metals  excepting  platinum.  (HuQ',) 

Lead  is  at  first  negative  towards  copper  in  oonconlratfid  nitric  tudi, 
aftefwarda  positive.  (Fedmer.)  Towards  copper  it  ie  negative.  (SeJa 
Eive.) 

Bimiulh  immersed  in  nitric  acid  of  15  ep.  gr.,  immediately  becomes 
piMStve,  eo  that  a  small  piece  of  it  doca  not  die«olvo  completely  for  eeveml 
weeka.  In  acid  of  1*4  ap.  gr.  it  diaaolvea  rapidly  with  efFcrvesccnce;  bnt 
on  tonching  it  with  platinum,  this  action  ceases,  and  the  metal  acquires  a 
peoatiat  lustre.  If  the  platinnm  ho  then  removed,  the  bismatb  some- 
timee  beoooies  active,  eometimea  passive.  In  the  latter  case,  it  first 
bcconiee  covered  with  a  dark  film,  which  snbsequeutly  dissolves,— tho 
metal  once  more  acquiring  a  bright  eurfece  and  dissolving  very  slowly. 
As  often  as  this  pui'&ivo  bismutb,  wliile  under  the  acid,  is  touched  with 
platinum,  and  then  separated,  the  black  film  again  apjiears,  but  is  rac- 
e«eded  immediately  by  the  former  lustre.  Witbout  the  aid  of  platinatn, 
bUo,  a  piece  of  bismuth  {weighing  ^  grain)  will  often,  when  immersed  in 
Bitric  acid  of  1"4  sp.  gr.,  begin  to  dissolve  with  eflervetioeuee,  and  then 
Bn<i^?lU'-4waJ?"i'3  passive,  especially  when  tJie  liquid  is  agilat<»d.  If 
melted  fiiamuthliij  pOUrsd  iuto  a  glass  tube  and  filed  through  (In  the  tube) 
efter  cooling,  the  filed  surface  will  ho  paa^ive  from  the  beginning  in  acid 
of  1-4  sp.  gr.  Uisnmth  also  becomes  pusive  in  acid  of  1-4  ep,  gr.  when 
U^d  lu  tho  positive  pule  of  a  batiery  of  two  pairs  of  plates.  (Andrews.) 

Biamblh  Ijccomea  as  completely  passive  when  placed  by  itself  in 
strong  fuming  nitric  acid  aj  iu  acid  of  1'4  sp.  gr.,  in  contact  with  pla- 
tinnm. It  then  produces  no  cvohitiou  of  gus  in  acid  of  14  *p.  gr,  but 
dissolves  gradually,  and  cihihiis  a  po.yitive  reaction  towards  platinum, 
when  connected  with  it  tbrough  the  me<iiara  of  tbe  g^vanoaiet«r. — la 
Bcid  of  1"5  sp.  gr.,  bismuth  does  not  dissolve  in  the  sligUteet  degree; 
neverthele«a  it  does  uot  become  passive, — for,  on  being  ^abaequeiitly  j>ul 
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arid  of  i*4  sp.  gr.  it  diaaolres  as  rapi  Jly  as  under  ordinaty  circumstances, 

— The  Itlack  fiUn  anci^ubaccjuetit  brightening  of  the  surface  of  bismuth  in 
acid  uf  1 A  sp.  gr.  nre  produced,  not  only  when  tbc  metal  ia  toutlied  with 
pJatiuuin,  hot  likewise  when  the  auld  or  the  bismulh  ia  mored  with  a, 
glsM  rod.  As  luiig  as  t!io  lilatk  film  remaiusj  the  eolution  of  tho  bismuth 
goes  on  tJuwly ;  and  ns  lung  as  tbo  biumiilh  remains  in  eotitacl  with  tba 
platiiitiio,  gaa  is  evolved  at  the  surface  of  the  latter  [Nitric  oxido  gasJ] 
(ScUcSubeiu). 

Tiio  rapid  solution  of  bismuth  in  acid  of  1'2  sp.  gr.  is  imniediately 
ckcd  by  contact  with  pltUinntn;  but  the  bismuth  still  cuntinues  to 
oWc,  though  elowiy  aud  without  cfl'orvescoDce;  it  becomes  black,  and 
ia  positive  towards  platinum.     Ereu  when  eepaitited  froui  the  platiuuinj 
kpi^oLves  but  uluwjj.  (Nuad.) 

In  fuming  nitric  acid,  bismuth  ia  first  negativo  tow&rde  lead,  then 
kitivc,  then  |i«ruiiinently  negative.  (Fechaer.) 
Iitiu  may  be  rendered  pasiive  in  the  following  ways: 
P.  1.   By  heating  it  in  tho  air  till  it  becomes  coated  with  black  oxide. 

iHcrschel,  Schoubein.)  When  one  oud  of  the  wire  is  heated  till  it  oxi- 
Ate«,  the  other  end,  which  does  not  appear  to  he  altered,  h  also  rendered 
pwaive,  (Fanvlay.) 

P.  2.  By  dipping  it  for  a  short  time  into  fuming  nitric  acid  (Keir),  or 
nitric  acid  of  1*5  sp.  gr.,  or  into  a  niixtaro  of  uitrJc  itcid  of  1*35  sp.  gr. 
and  0(1  of  vitriol  (Schtinbein),  in  which  liquids  it  produces  no  evoTu* 
tiuD  of  gas,  even  from  the  begiiiuiDg. 

P.  3.  By  immereiou  in  nitric  acid  of  sp.  gr,  I'SDD,  in  which  it  at  first 
becomes  brown  and  evolves  red  vapours,  but  afterwards  acquires  a  bright 
metallio  lustre.  Sometimea  it  acquires  a  brown  surface  when  thus 
treated;  but  if  withdrawn  for  a  moment  from  the  acid  aud  allowed  to 
fall  in  :ij;aiii  suddenly,  it  becomes  passive  in  half  a  second  and  acijuirea 
tbo  metiillic  lustre.  VVith  a  somewhat  weaker  acid,  convulsive  intermis- 
sions fif  ett'ervescence  and  inaction  succeed  one  anollicr  at  intoivals  of 
lialf  a  second  or  less— the  efforveeeence,  and  subguijnentlv  tho  ti"am^uil 
8t&t«,  progressing  from  one  end  of  the  wire  to  tlio  other,  (llerschel.) 

P.  4.  A  wire  18  dipped  into  acid  of  1S5,  wJiich  acts  violcutly  on  it, 
taken  out  after  a  seoondj  then  put  in  again,  and  so  on,  After  from  four 
to  sir  immersions  and  extraetiona,  it  becomes  more  pnseive  than  P  5. 
(Schiinbeia,  Buff.) — In  acid  of  1'3  sp.  gr.,  iron  may  also  be  made  passive 
by  repeated  immersion  and  extraction,  and  likewise  by  agttatiug  thd 
liquid  for  Boine  time.  (Mousson.) 

P,  5,  In  a  mixture  of  one  part  nitric  acid  of  1*399  ep.  gr.  and  ^  P^^ 
water,  iron,  which  acta  violently,  is  placed  in  contact  with  platinum;  the 
Mstion  h  immediately  stopped  (in  weaker  acid  the  iron  does  nut  lose  its 
actirily).  Jfersciift. — Generally  speaking,  the  acid  acta  in  two  ways, 
violentiv  or  slowly,  according  to  its  strcugtit.  The  violent  action  which 
takes  pfaco  in  the  weaker  acid  ia  not  interrujitcd  by  platinum.  (Buff,)— 
Or  platinum  is  first  immersed  in  acid  of  l*3j  sp.  gr. — then,  iron  which  has 
pte»iou«iy  ti.uched  the  jilatiiium:  no  solution  takes  pluce.  Likowiao, 
when  a  small  piece  of  gold-ieaf  is  fastened  to  the  end  of  the  wire,  or  a 
trace  of  tdatimim  precipitated  upon  it  by  moiueiitary  itnmcrsiou  in  soln- 
of  chloride  of  platinum,  the  iron  is  rendered  passive  by  sultscqucnt 
Jiersiou  in  acid  of  r35ep.gr.  But  combination  with  platinum  has 
_Jetfcct  in  acid  of  135  ep,  gr.  healed  to  75=  [C.  1],  or  ia  mixtures  of  ona 

rart  ncid  of  \Bd  sp.  gr.  and' from  1  to  1000  parts  of  M-ater.   (Schoubein.) 
( tt»  iron  bfl  cojiiiocled  with  platinum  through  the  gjilvanomoter, — then, 
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on  juiiuersing-  the  metal  in  the  acid,  p*«itive  electricity  goes  abundantly 
at  first,  and  aparingly  afterwards,  from  the  platinum,  through  the  g*"*'^' 
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nometer,  lo  the  iron.     The  iron  dcx.'s  not  hcownie  completely  passive 
the  current  has  reached  its  miniiiiuni.     If  its  cDnnectiau  with  the  pla- 
tinum   ho  iuterrupted  Wfore  this  takes    jdace,   the   iron  spont»iie"i'*l 
limea  its  passive  condition  in  the  acid,  and  is  not  afterwards  capable  o 
makinj^  another  piece  of  iron  piissive  (a«.ording  to  P.  7.)  Biif. — Ii""^ 
also  rendered  passiro  hy  plntinum,  gold,  gnuphitc,  or  charcoal,  in 
1*3  ep.  gr.     Silver  acts  less  powerfidly.— A  tteel  noc<MM|i|ajlvei  . 
first  introduced  into  acid  of  1-3  sp.  gr,,  but  subsequently  MH^Hp^^T 
from  the  action  of  the  graphite  which  separates  from  the  BtedL^retuiljJ") 
In  Bcid  of  1  20i  sp.  gr.  an   iron  wire  is  not  proteelcd  by  Wing  boun" 
round  with  platinum  wire,  hut,  on  the  contrary,  dissolved  more  mikVly 
than  it  would  be  if  alone.     But  if  the  platinum  wire  ho  first  ioiinersed  in 
the  acid,  and  thcu  the  iron  wire  bound  round  with  it,  the  iron  hi^cuiuci 
piiftsive,  and  remains  so  even  when  the  platinum  is  romoved — bat  io  *» 
slight  a  degree,  that  it  is  not  cnpable  of  imparting  (as  in  ?.  ?.)  the  passive 
state  to  another  iron  wire,  hut  on  the  contrary  renders  it  active.  (NojmL) 
—  If  the  positive  electricity  of  a  voltaic  pile  be  ttuusmitted  through  an 
iron   wire,  and  tho   negative  electricity  through   a    platinum  wire,  into 
Bolution  of  acetate  of  lead,  the  iron  acquires  a  coating  of  peroxide  of  lead 
(which  acts  like  platinum),  uud  is  thereby  rendered  very  passive  iu  aitrid 
acid.  (Schonbein.) 

P.  G.  The  positive  electricity  of  a  voltaic  pile  is  conducted  into  nitrio 
acid  of  1  '35  ep.  gr.  through  an  iron  wife,  which  is  dipped  in  last,  afUr 
all  the  other  parU  of  the  circuit  have  been  put  in  connection, — the  ama- 
tive electricity  being  conducted  by  a  platinum  wire.  If  the  iron  is  im- 
mersed before  the  platinum  wire,  it  dues  not  become  passive,  but  conti- 
DDeti  to  dijjsolve.     (Schonbein.) 

P.  7.  By  L'omiiiuuicatioiK  One  end  of  a  vrire  being  rendered  pwnve 
(P.  t)  by  i|i^uitioa,  this  end  dipped  first  into  acid  uf  1*35  sp.  ^r.  and 
then  the  end  which  is  yet  active,  the  latter  ako  bocuracs  passive.  Simi- 
larly, with  two  wires  connected  without  the  acid — the  ignited  wire  being 
first  immersed,  then  the  a^^tivc  wire.  If  the  two  wires  are  eounectcil  through 
the  medium  of  tlio  galvanometer,  positive  electricity  goes  for  a  short  timo 
from  P.  1,  through  the  galvanometer,  to  the  active  wire  (Schonbein). — P,  S 
is  likewise  sufficiently  passive  to  impart  the  pofisive  state  to  ftctiv*e  iron 
(Faraday)  j  so  likewise  is  P,  4  (Buff): — If  tho  end  of  the  iron  wire  covered 
with  peroxide  of  le.id  (^vid.  P.  5)  be  immersed  in  acid  of  1*3  sp.  gr.,  and 
then  the  active  end,  the  latter  will  become  passive;  so  likewise  will  ano- 
ther iron  wire  connected  with  it.     (Schiinbein.) 

If  the  ignited  end  of  the  wire  he  dlp]Bed  into  the  cup  a  (App.  2),  th9 
unignitod  end  into  the  cup  b, — ft  and  b  being  filled  with  nitric  ;t<id  of  sp. 
gr.  1'3,  and  connected  with  a  short  wick  of  asbcstus  saturated  with  tha 
same  liquid,— the  unignited  end  will  remaiti  active,  on  account  of  the  dilu- 
tion of  tho  litpid.    Similarly,  when  a  platinum  wire  is  substituted  for  the 
aabcBtu."!  A;  but  if  the  connecliou  k  consLsts  of  copper  or  brass,  or  if  only 
the  immersed  end  of  ff  consiata  of  copper  or  brass,  and  the  inmtorsed  end 
i  of  platinum  oi*  gold, — or  if  A  consists  of  an  iron  wire — the  end  which 
dips  into  i  having  been  ignited,— then,  on  first  immersing  the  metallic  arc  ^ 
ff  i,  afterwards  the  ignited  end  o,  and  lastly,  tho  unigntted  end  o^  of  th«  ■ 
iron  wire, — tho  end  p  becomes  passive. — If  the  ignited  and  unignited  ™ 
ends  of  the  iron  wire  o  p  bo  first  immersed  in  the  cups  a  b, — then  tho 
igaitfii  end  i  of  an  iroD  wire  made  to  din  into  l>,  and  lastly  the  unignited 
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jto  a,  this  etid  wit]  become  passive.  If  the  wire  ff  h  the  active  at 
ti}j  *tiita,  :iud  H  bo  (lipped,  after  the  inimeTsion  of  ) he  wife  o  p,  first 
'  ^^«,  '  'ws  cud  t  in  ^,  tlico  with  J  in  ri,— i  will  immediately  hccome  paS' 
?''s/|»  ^1  the  end  ^  remaining  active.  In  this  inannor,  several  wires  may  ba 
^^irT-pd  one  after  the  other,  and  mnde  paasive  at  tTio  immersed  end  6. 
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dissolve  in  ordinary  nitric  acid,  even  when  kept  in  it  for  ycara,  nnlesn 
the  temperature  be  near  the  boiling  point.  In  uilutc  sulphtirlc  acid — on 
Uio  contrary — e.g.,  1  part  acid  of  IS)  to  10  parts  wnter — al!  pawive  iron 
becoiiieiii  active  and  ilis^ulvps; — in  the  caso  of  P.  1,  the  cniat  of  iii«olnljlo 
oxifle  pcela  off  at  the  same  time.  But  when  niado  to  fortn  the  positiino 
polo  (>t  the  voltaic?  pile,  it  remains  jtassivc  in  the  most  dilote  nitric  add, 
auJ  in  other  OKygcn  acids  {vid.  Demmpositions  by  the  rkctrif  citrrent). 
P.  2  is  piissire  in  a  mixture  of  1  jvart  nf  hyponitrif  acid  with  10  pa.rt«  of 
water,  but  may  be  rendered  active  by  alight  agitation.  (Schftnlwin.)  P.  5 
heated  itt  contact  with  platinum  in  acid  of  13  ap.  gr,  dissolves  rapidlyj 
but  not  till  tho  temperature  ii  raised  nearly  to  the  btdliog-poiat, 
(Faraday.) 

P.  1,  2,  5,  w  (S  TctainB  its  paBsiTity  better  than  P.  7,  which  may  be 
made  active,  nttt  only  in  heated  or  dilute  acids,  but  likewise  in  the  follow- 
ing  way.1;  f>.  WliPii  the  part  which  baa  been  in  the  acid  is  taken  ont 
and  strongly  ngiLited  (agitation  in  the  arid  hae  no  effect). — i.  When  two 
such  wires  arc  rubbed  together  at  the  part  in  which  they  touch  the  sur- 
face of  the  afid. — c  When  the  end  which  has  been  taken  out  of  the  aeid 
ifl  touched  by  a  metal  which  decomposes  the  acid,  such  ns  tin,  zinc,  iron, 
copper. — d.  When  P.  7  in  tonched  by  such  a  mctnl  within  the  acid.oriwo 
ends  of  P,  7  ci'iineflcd  outsido  the  acid  with  the  other  uielal,  whilst  the 
two  uther  ends  arc  immersed.  (Touching  P.  7  with  phosphorus  oiidiiing 
ill  the  acid  does  not  destroy  the  ]>assive  state.)     (Schlinbein.) 

On  dipping  first  the  unignitod  and  then  the  ignited  end  of  a  wire  into 
acid  of  1'3.5  sp.  gr.,  the  latter  becomca  active.  If  active  and  passive 
iron  P.  I— 7  be  dipped  separately  from  each  other  into  nitric  acid  of 
1'3J  ep.  gr.,  fttd  then  connected,  the  pasfive  iron  becomea  acttrb. 
(SchSnbein,) 

Passive  iron  heeomcs  active  when  touched,  under  nitric  acid  of  I  -35,  with 
an  oxidahle  nietiil,  auch  as  iinc,  tin,  lead,  active  iron,  copper,  brass,  and 
«ven  with  passive  bjsnmthj  bnt  if  it  be  at  the  same  time  in  contact  with 
platinum,  it  is  not  rendered  active  by  passive  bismuth.  (Schonbein.) — 
When  passive  iron  is  connected  with  an  oxidable  metal  throngh  the 
medium  of  the  galvanometer,  instead  of  in  the  acid,  positive  electricity  < 
goes  from  tho  iron  through  the  galvanomeler  to  the  latter.     (Mouseon.) 

If  an  active  iron  wire  in  the  form  i>f  a  fork  a  h  {App.  17)  be  ronnceted 
at  c  with  a  straiffht  wire  c  d,  whose  other  end,  d,  htvs  been  ignited,  and 
this  end  be  iSi'st  dipped  into  acid  of  1  '33  sp.  gr.,  then  the  ends  a  h,  the 
latter  will  also  become  passive.  But  if  the  end  b  he  connected  with 
an  active  wire  e  fe,  the  cffcrvesconco  will  progress  from  this  end  to  tha 
end  /',  but  not  to  the  cud  a;  ei;cept  when  the  conneetioo  b«tweefl  a  h 
and  c  dh  broken.     (Schuubein.) 

When  iron  wire  made  passive  by  nitric  acid  ia  connected  by  means  of 
the  galvanometer  with  an  active  wire  of  iron  or  eteel,  and  dipped  into 
acid  of  1'3  sp.  gr.,  it  sends  positive  electricity  through  the  galvanonKler 
to  the  active  wirej  a  short  time  after  immersion;  upon  thi.?,  the  passive 
■wire  is  dissolved  and  the  current  ceaises.  If  one  wire  be  touched  in  the 
acid  with  gold,  platinum,  or  charcoal,  both  wires  become  passive. 
(Faraday.) 

On  connecting  an  active  and  a  passive  wire  with  the  galvanometer, 
and  immersing,  first  the  passive,  then  iho  active  wire  in  acid  of  1-374  sp. 
gr.,  a  large  quantity  of  positive  electricity  passes,  at  first,  from  the  passire 
wire  through  the  galvanometer  to  the  active  wire;  the  passive  wire  then 
also  begina  to  disBolvc;  fiuallyj,  both  wires  become  passive  and  the  current 
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ises.     But  as  soon  as  one  of  the  wirefl  ia  touc'hed  with  copper  or  active 
myn,  it  Itccomfs  itself  actiTi?,  and  fJpnt■"^s^es  a  new  current,     (Noad.) 

Fuhatififj  ffWioTi.  A  wire,  P.  4,  immersed  in  add  of  1*35  qi.  gr.  at  a 
temperature  between  12^  find  15",  and  placed  in  cotitaot  for  a  sliort  time 
with  a  rapper  or  bruiss  wir^,  acquires  a  slow  and  intermitting  activity. 
Similarly,  the  two  ends  of  a  fork-shaped  wire,  P.  4, — one  end  lieing  in  con- 
tact with  copper  or  brass— become  interaiiltingly  aetire  {«.  «,  lihcrat* 
gas)  at  intervals  of  a  second,  then  again  pa,«siv(i,  and  so  on  for  eeveral 
alternalionR. — after  wbiclt  tlioy  generally  boeorao  permanently  aetive, 
thft  at'tlFity  extetidiug  itself  from  the  surface  of  the  acid  lo  the  lower  part 
of  the  wire.  In  other  eases,  these  intermissionB  are  succeeded  by  a  per- 
niancotly  passiie  state,  which  is  again  interrupted  by  contact  with  cop- 
per, and  invariably  passes  into  the  permanently  active  state  by  continntd 
contact  with  copper. — If  several  wires  are  brought  into  the  pulsatory 
condition  in  the  same  liquid,  their  pubatioos  do  not  coincide,  unlcas  they 
touch  one  another. 

The  higlier  the  temperature  of  the  acid,  the  greater  h  the  difficulty  of 
indnciog  Iho  pulf^ation;  above  a  certain  degree  of  beat,  copper  imme- 
diately induces  the  permanently  active  Btate.  Water  added  to  the  acid 
during  the  pulsation  always  increasca  its  rapidity,  and  still  further  dila- 
tion renders  the  activity  permanent.     (Stdibubciu.) 

Wlieu  the  pulsating-  condition  is  produced  in  acid  of  1*3  sp,  gr.  by 
contact  with  a  very  fine  copiwr  wire,  a  dark  film  of  oxide  is  observed  to 
coraiiiencc  at  ihe  pnint  of  contactj  and  extend  itself  in  all  directiona  over 
the  wire;  gas  is  evolvod  on  the  part  of  the  wire  thus  covered,  and  thft 
■wire  bchiiiil  it  recovers  its  metallic  lustre: — then  a  second  dark  film  is 
produced,  attended  with  evolution  of  gas — and  then  tUc  brigbt  state  t4> 
appears  without  evolution  of  gasj-^and  so  on.     (Mousson.) 

To  the  experitncnta  hero  enumerated,  I  shall  further  add  some  of  my 
own: 

Exptrimaxia  with  Iron  Wire  and  Add  of  1-5  sp,  ^r.  Wire  which  It 
pasBive  in  the  cold,  begins  to  evolve  gas  somewhat  under  80°;  at  100", 
the  evolution  of  gas  goes  on  quietly  and  uniformly,  »n<l  the  neid  bocnmes 
so  strongly  charged  with  oxide  of  iron,  that  it  b<«come9  syttipy,  and,  on 
Cooling,  (iolidtf5e8  into  a  yellowish  hrown  flbroup  maas  (wliich,  wlien  dis- 
8olvt*d  in  water,  deposits  brown  flakes  on  boiling). — If  the  acid  be  heated 
to  violent  ebullition  in  contact  with  the  wire,  it  assumcB  the  puUating 
*tate,  eometimes  immediately,  sometimes  after  long  boiling.  A  bundle 
of  Wires  may  also  be  brought  into  Ihi.'i  state  by  heating  the  acid  eren  in 
the  water-balh,  because  the  solutlou  of  tho  largo  quantity  of  iroD  fnr- 
ninhed  by  the  wires  raises  the  temperature.  Pulsating  wire  produces,  at 
100",  a  stronger  evolution  of  gas  (ban  wire  not  in  that  condition;  the  ovo- 
Intion  of  gas  gradually  increases  fr&m  above  downwards  (sometime*  the 
revprse),  and  after  a  time  oxperiencee  a  sudden  augmentation,  attended 
with  the  formation  of  large  bubbles, — sometiuiea  causing  the  acid  to  be 
throw n  out  of  the  teasel:  it  then  diniinibhes,  and,  after  a  correspondiDg 
interval,  again  rises  almoBt  to  explosion,  and  so  on.  The  intervals  are 
lihorter  iu  propoition  a«  tho  acid  is  less  charged  with  ironj  with  acid  very 
inufh  oaturati'd,  tho  pukation  is  less  evident. — When  the  pulsating  and 
the  acti%'e  end  of  an  iron  wire  arc  immersed  in  acid  at  100  ,  ihe  former 
often  pnlsates  for  a  time  liy  itself,  then  the  other  end  aim,  and  both  in 
equal  timee.^ — If  the  wire  be  taken  out  before  the  pulBUtion  begiiiB,  the 
buLntiaK  end  immediately  becomes  covered  with  a  brown  film,  wlidst  the 
other  end  remains  bright;  but  after  pulmtion,  both  otids  become  brown 
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on  exposure  to  the  air.  When  a  pulsating  and  a  non-pulgating  wire  »r© 
connected  witb  the  galvanometer,  tlie  farmer  ia  found  to  be  {joeitire,  at 
100°,  towards  tbe  latter.  Tlie  deflection  increases  till  palaation  bcgui% 
upon  which  the  needle  suJdenly  retrogrades.     (Gm.) 

Experiments  with  Iron  reduced  front  the  ttate  of  Peroxide  6v  ffftdrngm 
gm.  A  large  .^^tiantlty  of  finely  divided  iron  introduced  into  a  iinall 
qimntity  of  nitric  acid  of  15  sp.  gr.  ^roduc^3S  aTiolotit  cfferTescence.  This 
eSect  is  kept  np  for  some  time,  in  conaeq^uenco  of  the  rise  of  teiuperalure 
which  ousuea,  but  gnwlually  diminishes  w  the  liquid  cools;  eo  that  a  Largo 
quantity  of  iron  reniains  undiBBolred:  this,  however,  di^ppears  com- 
pletely on  heating  tho  acid  in  the  water-bath.  Finely  divided  iron,  sifletl 
by  small  qnantities  at  a  time  into  acid  cooled  hy  snow,  produces  effer- 
Te^eence  on  each  addition;  this,  liowevcr,  soon  ceaaea, — so  that  a  litfge 
quantity  of  iron  may,  by  little  and  little,  be  introduced  into  the  acid 
without  causing  any  considerable  action.  Tf  the  acid  he  now  poured  off, 
and  water  poured  ujioti  the  pn^wder,  violent  efferveeieence  ensnea.  But  if 
tho  powder  be  freed  from  adhering  acid,  by  tniueferridg  it  to  a  plate  of 
gypssunij  and,  when  nearly  dry,  introduced  by  email  portions  at  a  time 
into  water  which  has  been  boiled  and  cooled,  it  will,  when  ibua  washed, 
connmunicato  a  deep  red  colour  to  a  mixture  of  hydrochloric  acid  and 
Bulphocyantdo  of  potassium  (which  colour  gradually  disappears  vs  the 
metallic  iron  die8olvcs),~wherea«,  reduced  iron  not  treated  with  aitiic 
a«id  scarcely  reddens  the  Bame  mixtura.  If  the  powder,  freed  hy  gypeam 
and  water  irom  adhering  aciJ,  bo  dried  in  a  glasa  tube  by  a  current  of  dry 
hydrogen  gas,  continued  for  several  days,  first  at  the  ordinary  tempera- 
ture, then  at  gentle  heat,  and  finally  heated  to  reilness  in  the  stream  of 
Eas, — a  considerable  qaautity  of  water  is  immediately  deposited,  [The 
issing  noise  caused  by  the  powder  even  in  concentrated  nitric  acid,  the 
experiment  with  Bulphocyanide  of  potasainni,  and  that  with  hydrogen  gas, 
are  in  favour  of  tho  supposition  that  a  film  of  peroxide  of  iron  is  formed.] 
(Gra.) 

[The  passive  condition  of  iron  treated  with  nitric  acid,  nitrate  of 
flilver,  &c.  probably  arises,— according  to  Faraday's  earlier  view  (which, 
however,  he  hna  subsequently  modified,  PkiL  Maj.  J.  10,  7-5), — from  the 
formation  of  a  thin  film  of  .anhydrous  osiide  of  iron,  analogous  to  spe- 
cular iron.  Tbia  view  is  stipportcd  by  tho  fact  that  iron  which  has  been 
ignited,  and  is  therefore  completely  covered  with  black  oxide  (Fe*  0*}, 
exhibit?  precisely  the  same  characters, — excepting  that,  from  the  greater 
thickness  of  the  coating,  its  passive  condition  is  more  complete, — and  that 
iron  becomes  passive  only  in  Iii|iiidii  which  readily  give  up  oxygen.  So 
thin  a  film  of  specular  iron  cannot  destroy,  but  merely  modify,  the  lustfv 
of  the  metal.  Now  this  coating  altiio.st  wholly  reaista  the  solvent  action 
of  cold  strong  nitric  acid;  hence  it  prevents  the  acid  from  coming  in 
contact  witb  the  rest  of  the  iron,  and  consequently  it^  further  action, 
en  the  acid  is  heated,  and  partly  diseolvos  off  tbe  coating,  a  new 
otie  is  inunediatoly  formed  by  its  action  on  the  exposed  iron.  In  acid  of 
1-5  sp.  gr.  the  formation  of  this  coating  takes  jdace  iniiuediatcly;  in  acid 
of  1'35,  contact  with  platinum,  &c,  is  neccesary,  the  second  metal  serving 
to  convoy  tbe  negative  electricity  act  free  iu  the  iron  to  the  nitric  oxide, 
and  tboreby  facilitating  (lie  combination  of  the  iron  with  the  oxygen  of 
the  ai'id  (p.  .141,  k).  A  simil.ar  effect  b  produced  by  tho  electric  current 
of  a  voltaic  battery,  if  the  iron  conveys  positive  electricity  into  the  nitric 
acid.  Oxidable  metals,  on  the  contrary,  such  as  copper,  destroy  tbo 
psuwiVe  state  of  iron;  for  while  thoy  take  uy  the  oxygen  of  the  nitric  acid, 
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bejr  coadoct  negative  electricity  to  tlie  iron,  towards  which,  therofare, 
be  nitric  oxide  ia  transferred;  and  tbus  coming  in  contact  with  tho  film 
^  oxide,  decomposes  it  by  abstracting  its  oxygen.  Iron  which  is  highly 
passive- — eejwcially  that  which  has  been  ignited,  and  is  therefore  covered 
■witti  a  thick  film  of  oxide — ia  capable  of  inducing  tho  passive  state  in  iron 
brhich  is  connected  with  it, — acting  in  fact  like  platinum;  it  is  true  thitt 
^  hereby  losea  a  portion  of  its  covering  of  oxidCj  just  aa  it  does  when  in 
cuDtact  witLi  copper;  but  since  this  coating  ia  of  considerable  thickness, 
^he  other  iron  becomes  passive,  sooner  than  that  which  is  already  passive 
^BD  be  rendered  active.  On  tlie  other  hand,  iron  lees  completely  pa^siro 
^ooomcfi  active  by  connection  with  iron  already  in  a  etate  of  activity, — 
inftsmoch  as  it  Icises  its  passive  chara<:tcr  before  the  active  iron  has  ac- 
Hiired  a  coating  of  oxitic  sutficient  to  render  it  paasivo.  Dilute  nitric 
cidj  hydrochloric  acid,  all  acids,  in  short,  by  which  oxide  of  iron  ia  easily 
jived,  destroy  tho  passive  state  by  removing  the  oxide.     The  re- 

kable  phcnnmcMa  of  pulsntiuu  must,  on  this  hvpothcsiij,  be  attributed 

the  rapid  formation  and  siibseiiuent  solution  of  the  film  of  oxide.  Even 
complete  explanation  be  unattainable  at  present,  it  may  yet  be  hoped 
lat  this  mode  of  expUnatiou — which  is  likewise  applicable  to  the  other 
ire  tnetala — wiil,  on  more  exact  investigation,  be  found  to  embraca 
be  whole  of  the  facts  relating  to  the  passive  condition  of  iron. — Mousson 
ttribntes  the  passive  state  of  iron  to  a  covering  of  nitrous  acid;  Wetilar 
tad  Schonhein  to  a  peculiar  electro-dyttaniio  condition  into  which  they  aap- 
pose  the  iron  to  be  brought.^ 

In  concentrated  nitric  acid,  iron  is  negative  towards  antimonv,  bis- 
muth, copper,  ami  silver, — positive  towards  gold  and  platinum,  ^Fechner.) 
— In  nitric  acid  of  I  5  sp.  gr.  positive  electricity  paasce  at  the  first  moment 
from  the  platinum  through  the  galvanometer  to  the  iron;  but  the  current 
soon  ceases.  (Monsson.) — In  concentrated  nitric  acid  [possibly  not  the 
rtrongest],  iron  is  pooitivo  towards  lead,  and  is  violently  attacked. 
■Towards  copper  it  i»  often  negative  at  first;  but,  with  the  suddenly  coin- 
^nencing  rapid  solution  of  the  iron,  the  current  is  reversed.  (De  la 
Rive.) — Paeaive  iron  is  negative  towards  active  iron,  copper,  and  silver. 
(Buff.) 

Active  iron  in  concentrated  nitric  acid  is  positive  for  the  first  instant 
>wards  copper  and  silver,  but  soon  becomes  negative,  and  retnains  so. 
[a  acid  of  1'3  sp.  gr.,  active  iron  is  at  first  positive  towards  silver,  be- 
jmcs  negative  for  a  few  seconds,  then  again  positive,  and  so  on  altor- 
BAtely  eight  or  nine  times,  till  at  length  it  boeomea  permanently  positive. 
Passive  iron  is  negative  towards  silver  in  acid  of  1"3  sp.gr.;  but  the 
|i*tioa  continually  diminishes  in  energy,  and  finally  ceases  when  the  sur- 
of  the  silver  becomes  tarnished.     (Faraday.) 

Passive  iron  is  feebly  positive  towards  platinum  in  cuneentmted  nitric 
'acid.  (Schonbeiii.)  Active  iron  is  at  first  strongly  positive  towards 
platinum  in  acid  of  1*3  sp.  gr.;  bnt  the  current  soon  oeaaos,  na  the  iron 
rtatfaea  into  the  passive  Btate.  ra.?«ive  iron,  therefore,  gives  no  current 
rith  platinum,  even  when  first  immersed  in  tho  acid;  but  wheuevcr  tho 
roil  18  moved,  a  momentary  current  ie  excited.  Steel  in  concentrated 
lilric  ncid  remains  strongly  and  permanently  positive  towards  pl.-itinnm 
or  fourteen  days,  bat  is  not  altuckcd  by  the  nctd.     (pfaff,) 

If  an  iron  wire  coated  with  peroxide  of  lead  (by  precipitation  from 
tdution  of  acetate  of  lead  in  tlie  voltaic  circuit)  bo  connected,  throtigh 
Jm  medium  of  tho  galvanometer,  with  an  active  iron  wire,  and  both 
riros  ininiereeil  in  nitric  acid  of  1'3  sp.  gr.,  pociitire  electricity  will  paaa 
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— thougb  for  a  short  time  only — ffom  thfl  i»»t«d  wSro,  througli  the  g»l- 
vanometer,  to  lite  other  win,  wKicli  Itecoiaes  psHtiv«.  A  feeble  correal 
probaiiiy  continues  iu  tbo  same  direction;  ibo  peroxide  gniaMj  di>- 
Bolvcs;  Vnd  as  e<nm  a6  the  laat  trace  of  it  cliE»ppear»,  tbe  iron  besgina  M 
disisolve  rIso.     {SfhauUein.) 

Nickel  is  nogntive  witli  copper,  bi^matli,  and  aritiTntuny  ifl  MtMC 
nitric  «cid;  wild  silver  it  is  at  tiret  positive;  thou,  a«  it  \reoomtss  coMe^ 
npgativt!.     (Fiirnday.) 

Copper  tna.y  be  reuder<>d  {tuBire  in  the  same  manner  ae  bisnntli,  m 
that  it  will  dissulire  but  slowly  in  acid.     It  immediately  bf-cornes  p!i««iTo 
in  acid  of  1'5  ep.  gr;  in  acid  of  1'47  8p.  gr,  it  18  at  first  violently  acted 
tipan.  and  then  becomes  paMive.     If  pre\-ionBly  conoooted  with  platinum, 
it  atttumee  tltc  pa»<ive  condition  immediately,  and  retains  its  lustre  m 
long  as  the  contact  lasts.     On  the  removal  of  the  platiniim,  the  copper 
becomes  covcreil   with  a  black  film,  which  is  not  completely  remoTodj 
either  by  the  action  of  the  fcold,  or  by  renewed  contAet  »rith  platioani.— ] 
III  acid  of  I "4  up.  j^r.  coutart  with  platinum  reslmina  the  mpid  flolutioBJ 
of  ilie  Copper,  and  intpartB  a  ehining  surface  to   it.     When   the  platt-l 
num  in  rettioved,  tbo  copper  becomes  eoTercdl  with  Klnck  oxide,  whidtJ 
dimiaolvps  slowly;  and  pasei^re  copper,  poeaeaRng  a  bn<;ht  metallic  lu»tre,j 
remaina.     If  the  eopiwr  ho  taken  out  of  the  aeid  while  yet  eoverwl  with  i 
oxide,  tbi?  aeiil  still  ailhering  to  it  rnjrtdiy  disaolves  tbo  oxide,  leaving  tba  < 
copi>er  in  the  active  stale.     (Andrews.) 

A  thin  copper  wire  surrounded  with  platinnm  wire  remaina  briglit  ia 
rtroug  nitric  actd,  hut  dissolree  on  the  removul  of  the  platinum.  If  bothJ 
the  copper  and  pl.xlinudi  wires  are  cunnected  with  the  gaU-anomeler.  an^l 
dipped  into  tbo  acid,  a  frw  bubbles  of  pis  make  their  appearance — at  thai 
bojB^inningonly— on  the  surface  of  the  copper,  and  a  stronger  current  is  ex«| 
cited;  bat  tbr^  rapid  solution  immediately  eeaMS,  and  ottty  a  feeble,  tbonglij 
oonstanl,  current  reraaing.     (Monsson,) 

Copjtcr  is  positive  towards  Irtsnuilh  and  anliniony  in   etronsj  nilrto] 
acid,  (Fecbncr,)— ^It  ie  positive  towar«l?  lend,  and  is  at  first  violenl 
attiicked,  exhibiting,  therefore,  the  reverse  of  its  ncliun   in  dilnte 
(De  la   Hive,) — Towards   platinum   it  is  highly  positive   (the  dcvii 
amounts  to  yO"  in  nitric  acid,  and  to  40"  in  oil  of  vitriol).  (0«  la  Rive.) 

Gold  give*  no  current  with  platinum  in  pure  nitric  acid.     But  if  the 
gold  contains  copper,  or  if  a  drop  of  hydrochloric  acid  or  solution  of  com- 
mon  i^alt  is  added  to  the  nitric  acid,  chemical  action  takes  place  upon  the  ^ 
gold,  and  that  metal  becomes  poi^itive.  {Bocfjuerel,  Pe  la  Rive,)     Gold  is^| 
likewise  positive  towards  pliitiuum  in  chlorine  water.  {Ritchie,  iV.  £J.  /." 
tt/.Se.  2,  150.) — In  pure  nitric  neid,  also,  s(dd  is  feebly  positive  towards 
platinum.  (Fechuer,  Mariaainj,)     (As  MarianiniV  experiment  wb!  mad©, 
at  Venice,  the  sen  air  may  have  introduced  a  trace  of  alkaline  chloridaj 
into  the  m-id,  De  fa  ftivr.) — ^Plalinnm  mveg  a  cnrrent  with  rhodium  iti| 
nitric  acid,  only  on  the  addition  of  hydrochloric  acid, — the  platinum  is] 
then  jwuitive.  (De  la  Rive.) 

Platinum  ia  negative  towards  anthracite  in  nitric  acid.  (Becnuerel.) 

Platinum  ie  highly  positive  with  peroxide  of  manganese  in  siroBg! 
nitric  acid,  oxygen  gas  being  evolved.  (Be  la  liive.)     It  is  still  more 
highly  |Tositive  in  nitric  acid  mixed  wilh  alcohol,  or  in  a  mixture  of  hypo- 
nitrie  acid  with  an  equal  quantity  of  water;  in  the  last  cnae.  the  peroxide 
of  msng'ancse  givee  up  os'.  '     '  *  * 

l%tinum  ifr  positive  ir;  which  at 

$ke  maae  time  gradually  disai-ptard  ^it  la  iikcivitc  zivwiy  soluble  in  nitrio 


TWO  METALS  WITH  POTASH  OR  SODA. 


S6S 


md  wlieo  ftloti*);  fttso  with  r*d  lead,  (De  la  Rive,  Faraday,  Sditinbein.) 
Vcllaw  oxide  of  lead  and  white  lead,  &n  the  contrarjj  ore  positive  lawufclfl 
platinum,  because  they  do  nttt  give  np  any  oxygen.  (Faraday.) — Pjw.sive 
iron  aliio  iu  etrop^ly  positive  towiirdjr  pcroiidB  of  lead  in  coneeiitmte4 
nitric  ncid.  With  peroxide  of  silver  ia  concentrated  uitric  ticid,  jdatinum 
t«  Roniewliat  more  pneitive  than  with  peroxide  of  lead;  aiid  the  latter  is 
pouitive  towardrj  peroxide  of  a i Ivor,  because  the  last-mentioned  oxide  gives 
Mf  itn  oxygen  more  rea<iHy.  (Seh&nbein.) 

Electrical  series  in  nitric  acid   of  I"4«  sp.  pr.:  Cftdmium,  zinc,  lead, 

tin.  iron,  hlsmuth,  fopjMtr,  antimony,  silver,  niekel.  (Faraday.) — In  nitric 

eid  of  I  .0  5p.  gr.;  Pa-ssive  iron,   platinum,  peroxide  of  load,  peroxide  of 

Ir«r.  (Sc^^On^)ein.)— In  concentrated  acid:  Tin,  ziuCj  iron,  copper,  lead, 

Hercuiy,  silvar,  peroxide  of  iron.  (De  la  Rive.) 

Experimentt  with  Aqn€eiu»  Solution  of  Patath  or  Soda,  Potassium  or 
ftodnim  ia  positive  towards  zinc  In  concentrated  solution  of  potaah.  (H. 
Davy.)  ' 

Amalgamated  zinc  neither  diseolves  uor  otiuses  anyevolatioa  ofgiirl 
in  solution  of  potash  :  as  soon  as  it  is  connected  with  platinum,  lij'dnigemT 
ga*  is  evolved  at  the  surface  of  that  metal,  but  moro  slowly  thun  in  ilihitaj 
antphiintr  acid,  the  qtiantity  of  gas  being  in  stoiehiotnetrirnl  proportion  toi 
ihiit  of  the  zinc  dis.^oU'ed  (32' 5  parts  of  zinc  to   1    part  of  hydrogen),^ 
(F.ar.i[day.) — When  line  is  left  for  20  hours  in  a  solution  of  oiio  fart  of 
bv'lnito  of  potash  in  4  parts  of  water,  the  weights  which  it  loses  wbea 
3ne,  when  connected  with  platiiiumj  and  when  coiinetled  with  iron^  are 
I  !  ;  11  ;  14S,     Hence,  iron  exerts  the  atmngeet  action;  and  the  quantity 
of  hydrogen  gig  evolved  at  its  surface  is  abundnnt  in  proportion.  (Riingf, 
Po/f<f.  16,  !i:9.) — Zinc  givea  in  solution  of  potash  a  more  powerful  current 
with  iron,  than  with  copper,  silver,  or  platinum.  (PoggendoriT.) 

Bismuth  and  antimony  in  caustic  potash  arc  positive  towards  nickel. 
(FaRv^^ay.') — ^Tin  is  [wsiiivo  towards  iron  in  cauritic  potash  or  lime-water. 
(J.  Dary.) — ^Polished  lead  is  poattivo  towards  iron  in  caustic  potash  ot 
lime-water;  tami^bed  lead  negative.  (Yorke.) — ■Tin  and  iron  are  positivo 
towards  copper  in  solution  of  potash.  Iron  joined  with  platinum  in  solu- 
tion of  pnta.'ih  produces  no  current,  and  remains  as  bright  as  if  it  vere 
plared  alone  in  the  liquid;  it  merely  l>ecomeB  oxidated  at  the  end  which 
projects  out  of  the  liquid.  (De  la  Rive.) — Iron  in  caustic  potash  is  first 
pooilive  toward.-j  copper,  afterwards  negative;  with  platinum  it  is  positive,- — 
mure  strongly,  in  proportion  as  the  platinum  in  imiuor$ed  for  a  longer  time 
before  the  iron, — ^leee  strongly,  in  proportion  as  the  iron  is  immersed  alonQ 
ft»ra  longer  time.  (Fechncr.j'^Iron  or  nickel  gives  with  platinum,  in  con- 
rentrated  solution  of  potash,  a  very  feeblo  current,  which  »oon  dimitiJshoB, 
the  platiauin  hying  the  negative  metal.  In  a  dilute  Bolution,  the  current 
18  likewise  very  feehle,  but  continue.s  for  a  longer  time.  (Faraday.) 

With  stiver  and  platinum  the  current  in  scarcely  ijercoptjble  iu  a  con- 
centrated solution,  and  absolutely  nothing  in  a  dtluto  solution,  (Famdny.) 
■ — Silver  gives  no  current  with  platinum  in  alkaline  iiii«ide.  (Dc  la  Rive.) 
— ^Wltcn  wiqur  i»  connected  with  tiilvcr  or  platinum  in  strong  solution  of 
i^itn  —  (he  latter  being  immersed  firsl^ — the  topper  is  strongly  negative  at 
■  sing  of  the  action,  bat  soon  betomefi  putillivo.  Silver  exhibits  & 
liou  with  platinum — whereas,  in  a  dilute  solution  of  Boda,  it  is 
}  .  m  from  tlio  beginning.  (Walcker.;; — Gold  with  platinum  in  «olution 
It)  j...ta*h  continues  positive  for  several  days.  (Pfaft") 

I'lutinum  is  positive  with  peroxide  of  mangSLnese  in  eolution  of  potMh 
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(De  la  Rive,  Farftdny);  more  strongly  on  the  adlditlon  ofsJcohol  (whjcli! 
exerto  a  deoxidizing  actiou  on  ibe  peroxide  of  manganese).  Farmiatf. 

Arsenic  is  strongly  poailive  towards  iron  in  fused  bjdrate  of  potash 
(the  contrary  in  acids).  De  la  Rive. 

Electrical  scries  in  aqueous  solution  of  potash  or  soda:  The  alkali- 
metale  and  their  anmtgams,  zinc,  tin,  lead,  copper,  iron,  silver,  palladiuin, 
gold,  platinum,  (H.  Davy.)— In  solution  of  potash^  either  strong  or  weak: 
Zinc,  tin,  railailiim,  antiinouy,  lead,  bismuth,  iron,  copper,  tiick«1r  silver. 
(Paraday,) — In  solution  of  potash  or  eoda  of  sp.  gr.  133:  Tin,  zinc,  anti- 
mony, lead,  copper,  gold,  platinum,  bismuth,  steol,  silTGT.  (Pfaff.) 

Experimxntt  vnth  Ammonia.  Steel  becomes  passiTC  in  a  somcwhafc 
dilute  solution  of  ammonia,  but  not  for  so  long  a  time  aa  in  nitrate  of 
silver.  (VVetzlar.)  [Tbe  existence  of  this  paaaive  coaJition  is  inferred  by 
Wotilar  from  his  having  observed  that  the  bar  of  iron  when  taken  out  of 
the  anununia  and  dipped  into  a  solution  of  sulphato  of  copper,  does  not 
begin  to  precipitate  tlxe  copper  til!  it  baa  been  immersed  for  about  s 
minute.  But  the  ammonia  still  adhering  to  the  iron  causes  it  to  be  suT' 
rounded  with  precipitated  oxide  of  copper,  and  this  preveoLs  the  actios 
for  a  time] 

Zinc  is  positive  towards  tin  and  copper;  tin  and  iron  negative  Xo  co| 
per.  (De  la  Rive.) 

Tm  is  positive  towards  copper  at  the  first  moment,  hut  gradually  b©-' 
comes  negative.  (Fecbner  asserts  the  contrary.)     The  same  relation  u 
exhibited  by  iron  towards  copper, — excepting  that  in  this  case  the  reversal 
of  the  current  takes  place  in  a  few  seconda.  (Marianini.)     This  change  of 
direction  is  attributed  by  Marianini  to  the  different  degrees  of  alteration  ■ 
which  ammonia  produces  in  the  surfaces  of  different  metals:  it  makes  tinH 
more  strongly  negative  than  copper; — for,  wben  two  plates  of  tin  are  sue-  " 
cessively  immersed  in  it,  the  oao  which  is  first  immersed  cihibits  towards 
the  other  a  stronger  negative  reaction  than  a  copper  plate,  under  similar 
circumstances,  would  exhibit  towards  another  copper  plate.     Moreover,  if 
the  copper  plate  is  immersed  five  minutes  after  tbe  tin  plate,  tbe  tin  etiU 
appears  positive  at  the  laeginnitig,  but  leas  strongly  thati  when  both  metals 
are  imnjeraed  at  the  same  time.     Lastlj*,  if  the  two  metals  are  eeparatcly 
immersed  in  ammonia  for  ten  minutes,  and  then  dipped  into  dilute  arid 
or  a  solution  of  salt,  the  copper  still  remains  constantly  positive  towantu 
the  tin. 

Platinum  in  ammonia  is  strongly  negative  towards  peroxide  of  manga- 
nese,— a  yellow  substance,  probably  the  hydrate  of  a  lower  oxide,  being 
formed  at  the  same  time.  (De  la  Rive.) 

Eiectrical  series  in  aqueous  ammonia  of  sp,  gr.  0'&5 ;  Zinc,  tin,  lead, 
Bilver,  copper.  (Pfaff.) 

Experiments  with  Aqueous  Solntions  of  AUraline  Sallg.  In  a  solution 
of  common  salt,  zinc  gives  a  stronger  current  with  iron,  than  with  copper, 
Bilver,  or  platinnm.  (Poggendotff.) — Zinc,  tin,  and  iron  protect  copper  in 
tea-water  perfectly.  (Van  Beek.) 

Iron  placed  by  itself  in  sea-water  is  strongly  attacked;  the  greater 
the  depth,  however,  tlio  less  is  tbe  corrosion,  because  the  oxygen  of  the 
air  baa  less  access.  If  pieces  of  zinc  are  attached  to  tbe  iron  here  and 
there,  the  iron  is  completely  protected,  and  the  zinc  is  not  nearly  so  uinch 
corroded  as  the  iron  was  before.  Zinc  likewise  protects  tbe  iron  as  well 
&s  tbe  tin  o(  tin-plate,  in  sea-water.  (E.  Davy.) — Copper,  on  the  contrary, 
is  not  compJetcly  protected  by  zinc'm  wst-vwAei «wmtoi« '       '     ''J.  Davy.) 
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— Zinc  completely  protecta  iron  in  eea-water,  the  iron  becomiog^  covered 
witb  marifls  pla-uts;  bat  the  zinc  ia  quickly  corrodeiL  (Grant,  J.  pr, 
C}*eni.  7,  290.) — [^Protection  of  cast-iron  in  sea-water  by  meaufj'  of  a  coat- 
ing <>f  pulverized  zinc.   (Mallet,  J.  pr.  Chem.  22,  352.)] 

If  itio  U-tube  [App.  4)  contains  a  eolation  of  common  ealt,  nitrfe, 
Glautier's  salt,  or  sulphate  of  rangneaia, — zinc,  tin,  or  lead  being  immersed 
ill  one  arm,  and  copper  or  platinum  in  the  other,  and  the  two  metals  being 
counccled  by  the  galvanomoter, — the  current  diminiahes  after  some  time, 
but  may  be  renewed  by  introducing  a  little  acid  into  the  vosael  contain- 
ing the  copjwr  or  piatitium;  whereas  the  acid,  if  put  into  the  arm  con- 
twning  the  zinc,  produces  no  current,  although  it  cansea  a  brisk  dison- 
giifeiacDt  of  gas  from  the  zinc.  (Rosenschuld.)  [The  oxygen  of  the  water 
and  the  acid  of  the  salt  are  transferred  to  tbe  ;iuc,  the  hydrogen  of  the 
water  and  the  ba:se  of  tlio  salt  to  the  copper.  The  layer  of  the  base  thus 
accumulating  on  the  copper  prevents  the  portions  of  base  afterwards  sepa- 
rated from  coming  in  contact  with  the  copper,  and  tliereby  receiving 
negative  electricity  from  it.  An  Cicid  added  to  the  liiiuid  sataratea  the 
Mparsted  base,  and  facllitatca  the  access  of  tbe  portions  afterwards  sepa- 
rated.] 

If  water  contaiuing  carbonate  of  lime,  held  in  eolntion  by  excess  of  | 
carbonic  acid,  be  placed  in  contact  with  ziuo  and  copper,  the  whole  of  the 
carbtinatc  of  lime  is  deposited  on  the  copper.  When  water  of  this  natuie 
flows  through  leaden  pipes,  the  carbonate  of  lime  is  deposited  at  the 
joinlfi  (which  arc  soldered  with  an  alloy  of  tin  and  lead),  on  the  braaa 
cocks,  and  on  any  piece  of  iron  or  silver  that  may  have  been  introduced, 
thereby  prrtjucing  6toppiigt\  To  prevent  this  accident,  lateral  tubes  are 
n<L».pleJ  to  the  main  pipe  at  intervals  varying  from  twenty  to  thirty 
feet,  and  furniishcd  wilIi  plugs  of  cupper  or  tin,  or  still  better  of  cast-iron, 
— *nd  by  means  of  these,  the  calcareous  deposit  is  from  time  to  time 
removed.  (Dumas,  Ann.  Ckim.  Phyt.  33,  2GG.) 

A  long  copper  wire  is  completely  protected  from  the  action  of  sea- 
water  by  a  short  zinc  wire,  the  latter  being  tjuickly  corroded, — If  tbe 
copper  and  zioc  are  not  in  Immediate  contact,  but  separated  outside  the 
water  by  an  extremely  thin  film  of  mica,  or  a  ebect  of  common  dry  paper, 
the  LoppiT  is  not  protected;  but  if  they  are  kept  apart  by  a  sheet  of  thin 
silver  paper,  the  protecting  action  is  exerted. 

When  the  bends  of  a  long  copper  wire  are  immersed  in  eight  veseela 
fille<l  with  sea-water,  and  connected  by  ropes  satoratod  with  the  eamo 
iter — the  copper  in  the  first  vessel  being  placed  in  contact  with  zinc, — the 
pper  in  all  the  vessels  is  protected,  if  the  ropes  are  0'5  inch  thick;  bat 
1]' their  thickness  ia  oiilyO'l  luoli,  the  protection  extends  only  to  the  thirvi 
vessel.  After  some  time,  the  copper  ia  iho  first  vessel  becomes  covered, 
[i.irtiv  with  metallic  zinc,  partly,  on  tbo  lower  surface,  with  crystallized 
■';itl»>Mato  of  soda  and  carbonate  of  Iitnc,^-that  in  the  second  vessel  witit 
fine  crytitals  of  carbonate  of  lime  and  a  small  (jtiautity  of  carbonate  of 
Bo«la, — that  in  the  third  remains  clean, — that  iu  tlio  fourth  is  somewhat 
atta<;kcd,  but  remains  bright, — and  the  portions  in  the  remaining  vcsseUt 
apt^enr  more  and  more  corroded  and  covered  with  verdigris.  (H.  Davy.) 

Whtn  a  plate  of  tinned  iron  ia  immersed  in  sea-water,  the  iron  oxidizetj 
while  the  tin  remains  intact.    (E.  Davy.) — Steel  and  tin   undergo  aaj 
wltfratiou  in  boiling  se.'i-water;  but  in  cold  sea-water  containing  air  $teell 
bci'iniies  ru«ly  (though  not  more  so  than  under  ordinary  circuuistancee)| 
«lii In  tin  connected  with  it  remains  unsiltered.     In  sea- wo ter  which  hat 
Ilcu  well  boiled,  and  then  cooled,  steel  does  nut  rust  if  access  of  air  be 
prevented.   Heuco  tko  rusting  ia  due  to  tho  oiygea  of  th(S  ait,  (J.  Dit-j.^ 
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i^Iron  io  contact  with  tin  la  sett-water  is  or^tivo  At  fint,  bat  loeomet 
pufiUive  after  a  few  miuutes.  It  oxidates  more  qtiiekly  in  aab-watef 
wlieti  in  contact  with  III)  ilian  wheii  alone,  and  the  tm  rcDiains  brigbl* — 
wherpas,  wlien  placed  alone  in  sea-water  il^  surface  becomes  t»nii»li©d. 
(Van  Beek.) — A  plate  of  iron,  whicli,  wfapn  immcreed  alone  in  aea^water. 
loses  ISl  je^raina,  loses  eiaetly  333  grains  when  placed  in  contact  will*  tin 
under  the  same  circumetauces,  while  the  tin  leases  only  S  grains.  (Mulder.) 
— C.i»t-iroa  suffers  greater  loss  ia  sea-water  when  connected  with  tin  than 
when  in  coDtact  with  copper.  (Mallet.) 

Polished  leatl  is  positive  towards  iron  and  copper  in  a  eolntion  of 
nitre,  htit  lead  gnperticially  oxidated  is  negative,  (YoTke.)^Lead  in  aoiu- 
tion  of  sal-ammoniac  ia  !it  first  positive  toward.9  iruu^  but  the  oari«nl  is 
soon  reversed.  ('Wetzlar.) — -In  fsolulion  of  sul-amnioniac,  iron  ia  positiva 
towartU  tin,  ami  copper  towards  hismuth.  Lead  with  iron  is  first  poaitite, 
then  negative. — In  i»(dnt!on  of  t^oninion  salt,  bismath  is  first  positive 
towardii  ci>pf»er,  afterwards  uegntive.  (Fechtier.) 

Tlie  corrouioti  of  tliu  cop[ier  «licatlttng  of  ships  inav  he  diminished  bj 
fastening  to  it  at  several  polnta  piet-es  of  cast  ur  wrought-iron,  called  Pna- 
tectorit.  A  plate  of  niii]H>r  on  a  eailing-ship — which,  when  un protected, 
loises  D'o.'i  grains  in  twelve  honra — loses  5'5  j^raitta  wheo  furnished  with 
vaat-irou  protectors,  whose  snrfaoe  \e  ct^ual  to  y^  of  that  of  the  cop[>er, 
and  2  grains  when  the  surface  uf  the  protectors  amoonta  to  j^  of  ita 
own.  Part  of  ibis  loss  arises  from  mechanical  attrition.  Shi])s  Itiruished 
with  protectors  of  cast-iron,  whose  surface  was  from  y^tv  ^  jV  ^^  t'^**  *^ 
the  copper,  returned  from  their  voyage  with  much  less  loss  of  copper  tliau 
when  unprotected.  The  sheathing  was  sometimes  qaite  dean,  sometimM 
covered  with  carbonate  of  lime,  marine  plants,  shells,  &c.' — especially  )0 
tho  neighbourhood  of  the  protectors,  where  a  large  anantity  of  oziuoof 
iron  was  deposited,  and  on  the  nails,  wtiich  consisted  of  an  alloy  of  copper 
and  tin — this  alloy  being  much  more  highly  electro-negative  than  copper. 
This  deposition  on  the  copper  eheathiu);  is  ftrincipalJy  formed  while  the 
ahips  are  in  barbour.  Tlie  surface  of  the  protectors  must,  therefore,  he  of 
such  extent  as  uot  completely  to  protect  the  copper,  01,  D«vy.)^In  sea- 
water  contaiuing  sulphuretted  hydrogen,  jirutuctora  of  gino  may  bo  used. 
(Daniel!,  Ann.  Chim.  Phi/t.  78,  33;>.) 

If  cai»t  iron  loses  1  part  of  its  weight  when  immersed  a.lone  in  «.«- 
water,  its  K>ss  when  in  coutact  wiili  copper  will  atnount  in  the  same  time 
to  14,  and  with  an  alloy  of  i  At.  zinc  am]  T  At.  copper,  to  I'S  of  jta 
weight.  (Mallet.) 

Copper  dissolves  in  aaueous  solution  of  bicarboiutt«  of  soda;  iron 
nnlteil  with  it  ronmins  bright.  (Wetxlar). 

If  silver  be  immersed  iu  one  arm  of  a  U-tnbe  (App.  4)  containing  ^ 
OOlution  of  common  salt,  and  platinum  in  the  other,  rbombohedral  crystals  H 
make  their  Hppearance  in  a  few  months,  being  white  at  first,  then  violet,  V 
and  afterwards  Liuej  they  do  uut  obango  in  water,  (Becquerel.) 

Platinum  glvej  no  current  with  tellarium,  palladium,  or  rhodium  in 
a  solution  of  common  salt,  becanse  no  chemical  action  tak.ee  placs. 
(H.  Davy.) 

Platinum  is  positive  towards  anthracite  in  solutions  of  sulphates  or 
cblorides,   (Bectjuerel.) 

Klectricjtl  scries  in  eolutiow  of  comnmn  salt:  Zinc,  lead,  tin,  iroDj 
antimony,  bismuth,  copper,  tilverj  gold,  pktinam.  (Feehner.) 


Expenm^iU  mtk  J^tout  .^'' 
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.en  happens  that  one  metal  precipitateii  auotbtir  from  its  solution  in  acid 
alkali,  the  former  taking  oxygen  from  the  latter,  and  cliasoKing  in  the 
Kto  of  auido  iu  the  acid  or  (ilkali,  {.5(7*.  18.)  Tho  action  is  at  first  purely 
leinical;  hut  us  sodq  as  a  small  quantity  uf  the  second  metal  has  been 
Kupitatcit  on  the  first,  clectro-cLuuiical  action  sets  in.  The  precipitating 
Ital — which  of  course  possesses  the  greater  affinity  fur  oxygon — is  the 
witire,  and  tho  precipitated  metal  the  negativo  olonient  of  the  eircuit 
1  consequence  of  thii^  action,  the  further  dRpusition  of  the  geconrl  metal 
ken  plaue  on  the  alreatly  precipitated  portion  of  that  metal;  and  thus 
ysialline  vegetation  or  MiUtliic  2'rees  (p.  13C)  are  proiluccd,  tha 
^tiTC  metal  boing  ultimatcty  deposited  at  a  coumderahlo  difitauco  from 
16  positive  one. 

if  a  piece  of  iron  wrapped  up  in  bladder,  silk,  or  paper,  be  immersed 

I  a  solution  of  blue  vitriol,  only  a  small  quantity  of  copper  will  b^ 

ipofeited  iDeidc  the  enr^lopfi,  the  j^reater  part — ^po^eg^atig  ttie  inetulli« 

Ire — collecting  on  the  oulsidu.    (Mulder,  lii:  Arc/tiv.  22,   201;  comp, 

iscboC  (iVAiii,  3fl,  IID.) — When  a  solution  of  acetate  of  learl  is  deeom- 

by  auspendiug  a  bar  of  zinc  within  it,  the  liquid  in  the  neighbour' 

of  the  zinc  soou  becomes  free  from  lead — ^wbilat  that  at  the  lower  end 

the  growing  leiul-tree  still  containe  lead  in  aolutiun.  (Rose,  Pfall',} — A 

SCO  of  tlio  lead  tree  which  may  chance  to  fall  off,  gradually  diasjolvea  ami 

\s  a^in  precipitated  on  the  zinc.     Direct  experiments  hIiuw  that  lead 

[when  access  of  air   La   allowed}   dissolves  in  a  eaturated  solution  of 

fhlorido,  nitrate,  or  acetate  of  zinc,  a  ba^ic  salt  being  probably  formed  at 

^0  wimo  time.   (Fischer,  Pmfif.  i,  291.) 

I      Zinc  ond  Tin  SatU. — Zinc  produces  a  strong  current  with  cuppor  in 
folntion  of  suljthate  of  ainc,  although  tho  sulphuric  acid  may  be  already 
^  itwmted  with  ztnc — anJ  therefore  no  chemical  action  can  take  ]ilftce, 
fatf.) — Zinc  however  causes  an  evolution  of  hydrogen  gaa  when  placed 
it«clf  in  solution  of  sulphate  of  liuo  [because  a  baeio  salt  is  piodueeti], 
Davy.)— Zinc  ia  depoiiited  on  copper  placed  in  contact  witli  zinc  in 
lulioo  of  eulphatc  of  zinc.    (Grotthu.'js.) — Zino,  in  the  wilution  of  it« 
fculpliato,  produces  a  much  feebler  current  with  iron  than  with  clipper  or 
blatinum.  (Foggeudorff.) — In  a  saturated  solution  of  sulpbnlo  uf  zinc  or 
fcrotochbmde  of  tin,  steel  wire  proilucca  a  feeble  current  with  eilver,  the 
^leel  beiuj^  positive; — no  current  with  platinam.  (J.  Davy.)     Since  stool 
;ive6  no  current  with  platinum,  J,    Davy  concluded   that    tha  electric 
pntis  not  produced  by  chemical  action.     [I  have  found  that  eteel  wire 
iDcea  will)  platinum  about  the  same  deflection  &s  with  silver,  butli  iu 
•lly  neutfal  sulphate  of  zinc  and  perfectly  neutral  protocbloride  of  tin.] 
ead  SalU,     Active  iron  does   not  precipitate  nitriite  of  load,   luit 
ou  pasiiive  in  it.    (Keir) — ^Froni  a  solution  of  acetate  uf  lead,  the 
depuaitod  on  lead,  stlv^er,  or  gold,  when  these  metals  are  plaved  ia 
t  with  itinc,  tin,  or  iron. 
'oppet-  Sales.     Copper  is  deposited  from  ft  solution  of  its  sulphate,  on 
Ivor,  gold,  wr  platinuni  placed  iu  contact  wilb  sine,  tin,  load,  iron,  or — 
ojirdiug  to  Grotthu.9^— even  with  copper. 
If  iui   amalgamated  copper  wire  be  made  to  dip  into  mercury,  the 
(orfacc  of  witich  is  covered  with  solution  of  miljiliate  of  copper,  nnJ  a 
ioco  of  unmlfnimated  zinc  ma*le  to  dip  into  the  copper  solution,  theu — on 
nneclinj,'  tho  two  metals  with  the  galvanometer — the  zinc  is  found  to  bo 
ugly  and  permanently  positive,  ami  the  mercury  becomco  saturated 
'^  copper.  (Grove. )     fOxygen  from  tho  oxide  of  copper  is  transferred 
.iU«  acid  to  the  tine,  and  copper  to  the  mercury.] 


nuciTY, 


In  a  coBc^atratotl  eoltitiaa  cf  eulpliate  of  copper,  tin  Abd 
jiositire  tawards  lead;  bismuth  and  copper  nearly  neatraliw  oae  anil 
(Fechncr.) 

Sulphate  of  copper  and  potaeh  is  not  reduced  bj  iroo,  except  when  tl 
iron  IB  connected  wiih  silver.     Dilute  «olulion  of  nitniitc  of  copper  scat 
ter«d  ID  single  dit^ps  upon  a  clean  rod  of  iron  producos  a  deposit  of  coi'IM 
at  every  point  of  contact;  bitt  if  the  solulioD  is  concentrated,  on.ly  a  fev  i 
tlie  drops  produce  an  immediate  dcjiosttion,  others   in  a  few  uiinut 
others  again  not  for  some  hours,  and  others  ttot  at  all.     The  precipitatiii 
may  ho*rever  be  brought  about  either  by  wai-oiing  the  drops,   or 
mixing  a  noD-precipitatiug  drop  i^ith  one  tu  which  precipitation  is  goia 
ou.  (Wetil&r.) 

Active  iron  is  positive  towards  platinum  in  solution  of  sulphate  of 
copjier,  and  causes  deposition  of  copper  on  it.      Iron   rendered  p;iS)>>f 
by  ignition  decomposes  ealphate  of  coppcrj  iron  made  passive  by  nitrii 
acid  doe«  not  (neither  does  it  decompose  nitrate  of  copper,  except  whe 

E laced  in  contact  with  metallic  copper,  ihrtdid);  the  latter  iilao 
Bt  a  very  feeble  current  with  platinum,  towards  'which  it  ia 
Iron  rendered  passive  by  nitric  acid  becomes  coated  with  copper, 
rendered  aotivo  by  immersing  it  iu  sulphate  of  copper  iu  cotit:ict  with 
lino,  cadmium,  tin,  active  irou,  or  copper, — whereas  contact  witii  pla- 
tinum, gold,  or  silver  produces  no  effect.  (Schonbein.) 

Steel  wire  rendered  passive  in  ammonia  or  solution  of  nitrate  of  eilv< 
Boou  becomes  active  in  sulphate  of  copper,  covering  iiself  with  copper  i^ 
a  minute;  the  latter  reuiaius  bright  for  a  day  in  concentrated  and  some 
wliat  acid  niirate  of  copper,  but  instantly  acquires  a  coatiiig^  of  copper 
when  toDched  with  active  iron,  or  with  eiuc,  tin,  or  lead.  If  the  iron  lia 
been  wu]i«d  with  water, after  iuimersion  in  the  sllvereolution,  thedepositioi 
of  copper  takee  place  nmch  more  quickly.  VV'hen  an  active  and  a  passii 
iron  wire  connected  by  the  galvanometer  are  dipped  into  an  acid  solutiottl 
of  nitrate  of  copper,  a  strong  dellection  of  the  needle  is  produced,  and  the 
poasive  iron  becomes  coated  with  copper.  (Wctnlar.) 

In  a  mixture  of  equal   parta  of  concentnited  solution   of  Bulphat 
of  copper  and  fuming  nitric  acid,  a  bar  of  active  iron  rcuiaiDS   perfectli 
bright.     But  if  it  be  scratched  below  the  surface  of  the  liquid  with  a  fliti4 
or  touched  with  &  similar  bar  of  iron,  a  depo.^ition  of  copper  tttkes  plac 
upon  the  bar  Erst  immer«ed,  ccimmcDcini;;  at  the  point  of  contact.     Whci 
too  solution  is  very  dilute,  the  iron  at  first  becomes  coatctt  with  copperJ 
gas  being  evolved  at  the  eame  time, — but  recovers  \\s  iintural  brigbtncs 
after   the  Ijijuid   has  been  agitated  sevetnl   times.   (Sdiwclgger-Seidct^ 
Seine.    53,    167.) — Active   iron   precipitates   copper  from  a  mixture  of 
aquoous  solution  of  nitrate  of  copper  with  an  equal  qunutity  of  nitric  aoiJ  jl 
but  if  it  be  first  connected  with  platinum  and  then  immerscJ,  it  does  not' 
acquire  .1  coating  of  copper; — even  after  the  removal  of  the  platinum, 
the  deiMisition  of  copper  does  not  take  place  for  some  time,  (Faraday.) 

If  otic  end  of  an  iron  wire  bo  covered  with  peroxide  of  lead  (liy  th$ 
decomposition  of  acetate  of  lead  in  the  current  of  tho  voltaic  battery)  and 
this  end  dipped  before  the  other  into  a  solution  of  auljihato  of  copper,  no 
copper  is  precipitated  while  both  ends  are  in  the  solution;  but  as  soon  as 
the  covered  end  is  taken  oat,  copper  is  precipitated  on  tlio  nthor :  similarly, 
when  the  latter  is  taken  out.    If  an  iron  wire  coated  wit  i<-  of  leiul,j 

and  also  an  active  iron  wire,  be  connected  with  thegoiv  rin.l  iho] 

latter  dipped  first  into  the  solution,  poai tiro  cU^'mdv  iha 

former  through  the  gal  vanomdtfl^lMBc  ms 
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coating''  of  copper  as  soon  as  ite  «ounectioA  wHb  tiie  otlicr  wire  is  broken 
off. — The  cui's  rt,  6,  aQ<2  tlie  siphon  A  (App.  2)  containing  eohitifju  of 
eulpLate  of  copiwr,  if  the  end  o  of  ihtr  iron  wire  covered  with  pfnixide 
of  lead  be  immersed  first,  and  the  active  end  p  after wivrds,  the  latter 
does  not  become  coated  witU  copper;  neither  docs  the  depositiwn  take 
ulaco  when  tbo  siphon  A  is  replaced  by  a  wire  of  iron,  copper,  or  brass; 
but  it  ia  brought  about  by  the  introduction  of  a  platinum  wire.  If  tho 
wire  a  p  be  first  immersed,  then  the  active  wire  A  dipped,  first  into  b  and 
then  into  a,  the  end  in  6  becomes  covered  with  copper,  but  not  tbtit  in  a. 
When  the  end  o  covered  with  peroxide  of  lead  ia  taken  oat  of  the  liquid, 
the  end  of  the  wire  h  which  dipe  into  a  nlao  becomes  coppered.  If  o 
remains  in  a  and  a  second  iron  wire  u  ie  dipped,  first  into  a  and  then  into 
fi,  the  end  g  of  the  first  wire  A  libowitw  acquires  a  coasting  of  copper. 
(Scbonbein.) 

[When  peroiide  of  lead  and  iron  are  p1sx;«d  together  in  solution  of 
auJphate  of  copper,  the  latter  takes  oxygen  and  sulphuric  acid  from  the 
contigiioaa  atuin»  of  the  salt,  and  diBSolves.  But  the  separated  copper  is 
not  precipitated  on  the  iron — bnt  takee,  in  its  tnm,  oxygen  and  anlplmrlc 
acid  frotu  the  conitg'uouH  atom  of  sulphate  of  copper.  {Jpp.  17.)  Thus, 
the  defompoaition  and  reconiposition  of  the  atoms  nf  Butpliate  of  copper  | 
IB  continued,  in  the  manner  described  on  page  3+2,  /,  till  it  reaches  the 
peroxide  of  lead.     The  sejiarated  atom  of  copper  lying  next  to  tbls  ojtide, 

'  it  of  its  second  atom  of  oxygen,  so  that  protoxide  of  copper  and 
stoxjde  of  lead  are  produced.    This  change  takes  place, because  peroxide 
'lead  retains  oxygen  leas  forcibly  than  protoxide  of  copper;  and  aa  long 
M  any  peroxide  of  lead,  remains  nndecomposod,  no  deposition  of  copper  i 
flan  take  place  on  the  iron.    The  iron  need  not  on  this  account  be  regarded 
•dpfteeive;  fur  it  i^  conatantly  taking  up  oxygen  and  acid,  and  dissolving. 
This  oxidation  of  the  iron  causes  negative  electricity  to  be  set  free  from 
it; — the  peruxiile  of  lead   which   loses  oxygen  must  take   up   negative 
electricity; — hence  negative  electricity  goes  from  tho   iron  through  the, 
galvanouu'tcr  to    the   peroxide   of  lend,    or  positive  electricity  in   thei 
opposite  direction,     If,  hi  the  above  experiment,  the  two  vessels  arc  con- 
nected by  a  siphon,   the  portions  of  liquid  contained  in  them  act  as  ono 
liijuid,  and  the  process  is   tbe  same.     If  the  olphon  be  replaced  by  a 
platimiui  wire,  the  [leroxido  can  no  longer  restore  by  transposition  the 
oiytjen  which  the  eojiper  lia.s  given  up  to  tho  iron:  for  tho  platinum  is 
blared  Iwtween  tlie  two,  and  therfforo  copper  \&  deposited  on   the  iron, 
lint  if  iron  or  any  other  oxidablc  metal  takes  the  place  of  the  siphon,  the  , 
^cess  just  described  goes  on  in  the  cap  a, — that  is  to  say, — oxidation  of' 
the  iron  without  deposition  of  copper,  and  reduction  of  peroxide  of  lead. 
In  this  mee,  negative  electricity  accumnUtes  in  the  wire  A,  and  positive 
t'lfi-tricJty  in  the  reduced  oxlilc  of  lead.     In   accordance  with  this,   the 
de^-<iiiijHi!?ition  of  the  sulphate  of  copper  in  tho  vessel  b  goes  on  in  siioh  % 
manner,  that  the  end  p  takes  up  oxygen  and  a«id,  and  ecnds  the  negative  ^ 
electricity  thus  set  free  to  the  oxide  of  lead]  while  cop^r  is  deposited  on 
tin-  end  i  of  tbe  wire  A,  and  takes  up  the  negative  electricity,  which  is  tr* — 
ferr<'d  to  this  wire  from  j.l 

i'lutinum  is  positive  with  peroxide  of  load  in  soltition  of  sulphate  of 
Wpper,  the  oxide  of  lead  gmdiially  disjippeoring.    (Schtiubeiii.)     [The 
"lOclric  current  is  due  to  the  deconiposition  of  tho  peroxide  of  lead.    The 
ttorc  of  this  decomposition  requites  further  examination,] 

A  plate  of  fiilvcr  connected  with  graphite  in  a  solution  of  nitrate  of 

voi,.  t.  2d 


370 


BLECTBJCITY. 


copper  bocomea  c«»t&d  with  metallic  copper.  (Piaff.)  [Did  tlie  gnphit« 
coutsiu  iron'!] 

Satis  of  mercury.  Iron  becomes  inaclive  in  sttbnitrftle  of  mercaiy 
(Keir),  more  pa^ire  indeeJ  tbaJi  in  nitric  acid, — and  is  aubaeqaenlly  u 
pwsive  tuwardii  sulplmto  of  copi^er,  as  if  it  were  coated  witli  peroxiJo  of 
load.  (Scb&Dbeiu.) — In  eolutttin  of  corroaive  sublimate,  mercury  i"  depo- 
sited on  silver,  gold,  or  platiaum,  connected  with  iinc,  tin,  lead,  iron,  at 
capper. 

liilvrr  xaiis.  Id  solalion  of  nitmte  of  eilyer,  that  metal  19  preftipitatod 
on  eilrer,  gold,  or  platinum,  aa  sooq  a»  these  mettJd  are  conaeotod  witb 
tin  or  copper  likewise  immersed.  (Singer.) 

Iron  ]>reci]jitates  a  veiy  dilute  suhition  of  nitr&te  of  eiU-er:  it  aba 
prccipitacea  a  cnnceutrat«d  iHilution  wlica  hut,  ochre  being  formed  by  tlii 
action, — ^liut,  nt  ordinary  t-emperatures,  iron  doea  not  act  on  s  ttranc 
aohnion  of  nitrate  of  silver,  wbelhor  it  be  neutral  or  contain  oxces  of 
acid. — If,  on  tbe  other  baaid,  a  ij^uaoiity  of  silver  be  disrolfed  in  nitric 
acid  not  sufficient  to  ajitunite  it,  so  that  the  free  nitric  acid  romainn 
charged  with  nitrouf  aeid — or  if  fuming  nitric  acid  or  oil  of  vitriol  be 
a<idcd  to  a  neutriit  nidation — or  if  a  neutral  solution  bo  mixed  with  alcohol 
and  left  to  ataud  for  some  time, — iron  will  at  first  preeipitato  eilver  from 
such  a  aolution;  but  the  ailver  dieaolvea  up  again  after  a  time,  and  leavea 
the  iron  in  an  inactive  state, — Tho  jicjuid  poured  o^froin  the  iron  beharw 
in  the  aatne  mciiiDer  with  a  ee<-ood  piece  of  iron.  Iron  which  has  b«ea 
londeri'd  inactive,  recovers  its  activity  after  the  removal  of  the  surface,  or 
even  after  the  alighleati  rubbing;  liKewiw  after  lying  under  water  fur 
BOme  time  (but  nut  under  ammonia).  It  does  not  dii<9olre  in  faming 
nitric  ueid,  even  after  tbe  addition  of  water. — If  iron  which  has  lost  ita 
activity  be  brought  in  coutaot  with  active  iron  within  the  liijuJdj  » 
dejK>3ition  of  silver  takes  place  on  tbe  latter — 'then  also  on  the  former;  but 
the  ailver,  subsequently  diijappears,  and  both  pieoes  of  iron  remain  inactive^ 
Iron  which  bad  beeu  immersed  in  fuming  nitric  or  a  saturated  eolation  of 
silver,  ie  likewise  inactive  towaj^s  the  above  solution  which  contains 
nitruuji  acid.  Iron  will  not  precipitate  copper  from  a  eolution  of  nitnta 
of  copper  which  hu  been  mixed  with  nitrate  of  ailver — not  even  aa  iha 
addition  of  acid;  eg  likewise  iron  which  has  been  rendered  inaetive  by  a 
solution  of  ailver  no  longer  prccipitatca  copper  from  the  sulphate  or 
nitrate.  (Kuir,  V§rmeiie  v.  UMbaektungtHf  Gott.  1791;  abatr.  hekw.  &^ 
151.) 

When  iron  nails  are  mixed  with  pieces  of  silver  and  diifotleil  in 
exccs«  of  ni(ric  acid,  tlie  silver  dissolvra,  while  tho  iron  reinaius  undiaK 
solved  even  after  tho  acid  lias  been  bulled.  Sometimes  tbe  iron  is  alter* 
oately  attackod  with  violencQ  aod  left  in  tho  passive  state.  (Da^la<^  Scim, 
57,  23.) 

Iron  precipitates  sulphate  but  not  nitrate  of  silver.  Seldom  only  does 
it  happen  that  after  the  iron  has  rcnnained  for  weeks  in  a  dijulti  nolution 
of  silver,  a  few  shiniug  lamiiue  or  dendrite*  of  silver  appear  upon  it,  a 
t'urrespouding  quantity  of  iron  haviug  been  dis^aived.  Iron  doe«  not 
precipitate  silver  from  a  mixture  of  1  part  of  concentrated  solution  of 
■Utrale  of  silver  with  1  part  of  nitric  acid  of  sp,  gr.  12;  but  with  1,4  of 
nitric  acid,  the  inm  triimediatclyacijuires  a  coating  of  silver,  which  ia  dark 
at  fir«t,  then  becomes  whiter,  and  afterwanls  brilliant ;  the  silver  then 
redissulves  with  strong  evoluiion  of  nitric  oxide  gas,  and  leaves  the  iron, 
bright  atid  whiter  than  in  Its  ordinary  state  ; — on  further  additioa  of  acid 
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tKe  iron  likewise  remainfr  paseive.  If  tlio  iron  he  touolteil  for  a.  short  time 
Wlow  tlio  surfuce  of  the  liquid  with  nctive  iron,  it  is  ngain  attacked  iind 
covered  with  silver, — l)ut  subseqweritly  becomes  piisaivo  ugain,  aa  iLe  silver 
(lis8olve«,  If  the  itnmereed  piem  of  active  irun  be  kept  at  a  little  tliatancQ 
/r»ui  tlic  paasive  irftn,  the  silver  wliich  itepoiiita  ut3  the  foriwcr  soon  cfibcta 
metallic  c«iiiumnication  between  tlietwo,^ — and  then  the  actiou  goes  on  as  < 
ju8t  do8cribed. — Iron  likewise  becoraee  jrassive  iu  a  neutral  soluiiou  of 
silver,  but  not  ao  conijtlotcly  as  in  an  acid  solalion. — If  an  iron  rod  be 
dipfied  ten  times  into  a  solution  of  silver,  and  washed  after  each  iuiiaer- 
eiou,  the  solution  ia  found  to  bo  fre«  from  iron  at  the  end  of  the  expertmeut. 
—  Very  ^'entio  wiping  with  blotting-paper  destroys  the  passivity  of  an  iron 
rod  J  but  a  fltoel  wire  remains  piiasive  even  after  rubbing  with  blotting- 
paper,  or  with  Paris  red  and  leather,— and  even  after  gentle  filing  or  careful 
ecrapiug  with  a  steel  Bcrapcr, — no  that  tlie  change  of  state  cunnot  a.nao  \ 
from  a  siiperfidal  deposit.  i^Wotzlar.) — [If  only  individual  spots  remaiiii 
Covered  with  peronide  of  iron  or  pruphite,  they  will,  when  the  iron  is  ngaiu 
immersed  \a  the  eilvcr  eolution,  f&cilitute  the  furniation  of  the  filia  of  oxida 
of  iron  on  the  expoeed  parte.] 

Iron  rendered  passive  in  a  dilute  solution  of  nitrate  of  silver  (I  part 
alt  to  12  part«  water),  then  connected  with  active  iron,  and  dipped  into 
a  concentrated  solution  of  nit  re,  appears  stronj,'ly  negative:  tho  deflcctioa 
of  thb  Eralvanometer  is  however  soon  reduced  to  no^hinfr,  bewiuso  the  iroa 
recovers  it«  activity.  If  the  iron  be  taken  out  of  the  solution  and  washed 
with  water,  the  defli;ctiou  produced  is  less  than  before ;— after  a  second 
washing,  still  less; — after  the  iron  has  been  dried  at  a  gentle  heat,  it 
becomes  very  snwU  intieed,  attd  is  aonietitues  oven  reversed.  Steel  retains 
it«  active  state  much  longer,  eometinied  from  ^  to  14  days  after  drying; 
but  in  water,  it  becomes  aetive  in  half  a  minute,     (Wetzlar.) 

In  a  solution  of  I  part  of  nitrate  of  silver  in  12  parts  of  water,  zlu* 
18  first  positive  towards  tin,  then  negative,  then  positive,  then  neRiitive  (or 
at  all  events  lesa  positive),  then  perinjuicntly  poaitive.  In  a  dilate  solu- 
tion, line  is  {lermanently  positive  towards  tin. — Tin  in  tho  above  nolution 
(I  :  12)  iu  [lositive  towardif  lead  at  firet^  negative  after  13  minutea,  then 
again  poflitive,     (Fechncr.) 

A  very  dilute  solution  of  silver,  even  when  it  contains  free  acid,  la 
in]mediat4.'lv  precipitated  by  iron.  In  the  solution  (1  ;  12)  iron  ta  nega- 
tive with  copper;  but  the  8treii;ftli  of  tho  action  increafica  and  diininifibes 
ftll<?rnat*ly.  The  silver,  as  it  is  deposited  on  the  copper,  grailiially  ap- 
proaches the  bright  iron;  as  soon  as  it  comes  in  contact  with  the  iron,  the 
current  througli  the  galvanometer  diminishes,  because  part  of  tho  electri- 
city goes  through  the  silver.  When  (he  greater  part  of  the  silver-salt  in 
the  liquid  has  been  decumpo^ied,  and  copper-tsalt  formed  in  its  stead, 
the  iron  becomea  coated  with  copper,  and  exhibit*  a  positive  reaction 
stronger  than  its  former  negative  reaction.  The  positive  slate  diOTiniahes, 
however,  in  intensity,  as  the  coatiiijB;  of  copper  becomes  thicker.  la 
rot/re  dilate  silver  solutions,  iron  is  permanently  positive  towards  copper, 
and  becomes  covered  with  ailver,^eveiii  when  a  quantity  of  concentrated 
filvor-solation  is  afterwards  added,  sufficient  to  restore  the  above  propor- 
tion  of  1  :  12.  On  tho  other  hand,  iron  continues  negative  for  soma 
time  in  contact  with  copper  in  tho  solution  1  :  12,  even  when  it  is  consi- 
derablv  diluted  with  wsticr, — but  by  degrees  iK^comes  positive.  When  th« 
wluti'i'n  U  modorately  diluted,  the  iron  is  at  tirst  negative  towards  tho 
ctjppir;  but  afterwards,  when  it  blackens  from  deposition  of  silver,  it 
b«oom«M  positive,     iu  tho  solution  (1  :  1<?)  iron  ia  positive  towards  platt- 
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mini,  without  littTrerer  precipitating  silvor;  and  the  carrent  quiclclj  dimi- 
nishes, because  the  platinum  in  the  solntion  ootitiniially  becomea  less  nega- 
tive. WheD,  Ihereforcj  the  platiDum  remains  for  some  time  in  the  soItj- 
tion,  before  it  is  placed  in  contact  with  the  iron — whether  the  iron  has 
been  in  the  solution  for  the  same  time,  or  is  then  first  immersed — the  cuT' 
rent  is  mnch  weater  at  the  beginning.  Taking  ont  and  cleaning'  the  iron 
does  not  strengthen  the  current;  but  the  same  treatment  applied  to  tbo 
platinum  prnduces  an  increa£e. 

In  the  solution  (1  :  12),  and  in  a  stronger  solution,  iron  is  at  firsl  posi- 
tive towards  silver,  but  soon  becomes  neutral.  If  the  solution  contains 
a  fiinal!  quantity  of  free  nitric  acid,  the  iron  is  first  positive,  then  perniar- 
nentlj  negative.  On  the  farther  addition  of  a  very  large  qaantiiy  of 
acid,  it  remains  bright  and  negative  for  a  while, — then  Buddenly  precipi- 
tates silver  and  becomes  positive;  then,  when  the  silver  disajrpears,  it 
again  becomes  bright  and  negative; — and  so  on  from  four  to  sii  times  in 
rapid  alternation.  If  the  iron,  while  bright  and  negative,  he  taken  out 
of  the  liquid,  it  immediately  blackens  on  the  surface.     (Fechncr.) 

Platinum  is  positive  towards  gold  or  silver  in  the  nentral  solution 
(1  :  12), — towards  gold,  likewise,  in  an  acid  solution  of  the  same  strength. 
In  a  dilute  solntion,  the  current  takes  the  opposite  direetion,     (Fechoer.) 

Active  iron  placed  by  itself  in  a  dilute  and  slightly  acidulated  solu- 
tion of  nitrate  of  silver,  slowly  precipitates  the  silver  in  solid  dendrites; 
but  in  contact  with  passive  iron,  it  precipitates  the  metal  quickly, — firet  as 
a  black,  loose  deposit,  afterwarda  in  thin  shining  crystals.  The  same 
effect  is  produced  on  a  bar  of  passive  iron,  on  which  a  few  active  plaoM 
hare  been  ma»ie  by  nibbing.     (Sehweiggcr-Seidel,  ScAtff.  53,  167-) 

From  a  neutral  or  slightly  acidulated  solution  of  nitrate  of  silver,  iron 
precipitates  a  small  quantity  of  silver,  but  not  till  after  some  days.  In 
the  neutral  solution,  it  gives  no  current  with  platinum.  When  the  soln- 
tio-n  iij  slightly  acidulated,  the  iron  appears  feebly  positive  only  at  the 
coramencenient.  In  a  solution  so  strongly  acidulated  that  silver  is  depo* 
sited  oa  the  iron  (and  afterwards  rcdissolved),  the  iron  remains  ^trong'ty' 
positive,  as  long  as  the  deposition  of  silver  continues.  When  the  precipi- 
tation ocases  and  the  silver  is  redissolved,  the  current  also  ceases.  If  the 
iron  l>e  connected  by  means  of  the  galvanometer  with  2ine,  tin,  lead^ 
ixipiKT,  or  mercory,  it  always  appears  negative  in  the  silver  solution  and 
becomes  covered  with  crystals  of  silver;  for  though  the  film  of  oxide  of 
iron  may  be  reduced,  the  silver,  when  precipitated,  acts  ini^tead  of  the 
passive  iron  as  the  negative  metal.     (Faraday.) 

Acetate  of  silver  is  completely  decomposed  hv  iron,  on  the  applica- 
tion of  heat,  whether  the  solution  bo  neutral  or  a<;id:  it  ts  likewiite  de- 
composed in  the  cold,  when  mixed  with  a  large  ercess  of  acetic  acid. 
But  the  solution,  whether  neutral  or  slightly  acidulatctl,  deposits  a  email 
quantity  of  silver  in  black  flakes  on  particular  parts  of  the  iron,  wihile 
the  other  parts  become  covered  with  gas- bubbles,  and  the  greater  part  of 
the  silver  remains  in  solution  (many  pieces  of  iron  remain  quite  bright). 
If  the  bar  of  iron  hi>  file<l  after  it  has  ceased  to  precipitate  silver,  it  will 
again  be  rendered  active  for  a  lime.     fWetzlar.) 

Copper,  whether  in  its  ordinary  state,  or  after  it  has  been  dipped  in 
<n,u8tic  ptitash  and  then  washed  with  water,  immediately  precinitat«0 
ailTCr  from  the  nitrate.  In  its  ordinary  state,  also,  it  instantly  decom- 
posea  acetate  of  silver;  but  copper,  which  has  been  immersed  in  pot«ah, 
produces  no  effect  at  tirst  on  acetate  of  eiiver,  and  exhibits  only  a  few 
fflart  pstohee  of  reduced  silver  after  a  qnarter  of  an  hour.     (Wct8lar.y 
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Experimenti  with  solutiofu  of  Suipkuret  of  Potamvm.^FaTadny  expe- 
rimfiiilcd  with  the  following  liquidJa:  1.  YtUow  solution:  prcparcil  by 
fusing  hy^lrate  of  potash  with  iu>  own  weight  of  sulphur,  and  diBsolving 
U»c  fiitjC'il  ma«B  in  water;  (contiiins  quinto-aiilphiiret  of  potaasiuni  mired 
with  hyposulphite  of  potash), ^2,  Colottrieff  tolution;  Aqueous  solution 
of  pwtaiih  saturated  with  eulphurettcJ  hydrogen;  {may  be  regarded  ne  a 
compound  of  sulphuretted  hydrogen  with  protosulphuret  of  potassium,  or 
SB  bi-hydro8uIphuret  of  potash). 

When  two  metals  are  immersed  iu  the  yellow  Eolution,  the  one  which 
takes  aulphnr  from  it  is?  positire  towards  the  other.  If  the  former  be 
thereby  covered  with  a  film  of  sulphuret  irapeuetrahle  to  the  liquid,  but 
capable  of  conducting  electricity,  the  direction  of  the  current  will  bo 
reversed,  if  the  aecond  metal  be  capable  of  abstracting  sulphur  from  the 
liquid:  if  ihia  be  not  the  case,  or  if  tho  metallic  eulphuret  be  a  non>con- 
ductor,  the  current  will  cease.     (Faraday.) 

Iq  the  yellow  solution,  zinc  ia  strongly  and  permanently  positive 
towards  iron,  uicJcel,  gold,  or  platinum, — bocaua«  the  sulphuret  of  zinc  dis- 
solves  in  the  liquid. 

Cadmium  is  strongly  poeitiyft  towards  iron,  gold,  or  platinum,  and 
pennanently  eo  when  the  sulphuret  of  cadmium  is  loosely  deposited;  but  if 
the  cadmium  has  been  polished  with  a  glass  rod,  an  impenetrable  and 
non-conducting  coating  of  *ulphur<?t  of  cadmium  is  formed,  and  the  cur- 
KiBt  oca^ea. 

Tin  is  positive  towards  iron,  gold,  or  platinum,  for  ten  minutes  only: 
after  that,  the  current  ceases;  because  the  tin  becomes  covered  with  an 
impenetrable,  non<-conducting  cnist  of  sulphuret  of  tin.     (The  circuit  no 

LIuuger  oooducta  a  thermo-electric  current,) 
Lead  is  positive  towards  nickel,  iron,  gold,  palladiam,  or  platinum, 
for  two  minute!!  ontyi  the  current  then  ceases,  on  account  of  the  deposition 
of  sulphuret  of  lead, — which,  though  it  conducts  (the  circuit  conducts  a 
Ihemio-current),  is  not  permeable  to  the  liquid.  The  current  docs  not 
|*kc  ihe  opposite  direction,  because  nickel  and  the  other  metale  do  not 
^kc  sulphur  from  the  liquid, 
y  Bi.'imuth  behaves  towards  the  metals  just  enumerated  just  as  lead  does, 
Wxecpting  that  tho  current  continues  for  half  an  hour.  Towards  lead  also 
it  is  po«itive  at  first,  but  neutral  after  the  lapse  of  two  niinutea. 

Antimony  is  jwrm  an  en  tly  positive  towards  platinum, — because  the  aul' 
phnrtt  of  antimony,  which  is  a  non-conductor,  forni.9  but  a  loose  deposit. 

Copper  is  positive  towards  nickel,  iroUj  gold,  or  platinum.  The 
current  diminishea  without  ceasing  altogether;  because  tho  sulphuret  of 
copper,  which  ia  a  good  conductor,  does  not  form  a  hard  crust,  but  falla 
cvir  in  Boales. 

Dt*ulphuret  of  copper,  both  natural  and  artificial,  condnot*  well  and 
La  positive  towards  platinum, — till,  by  taking  sulphur  from  the  liquid,  it 
payees  ft>  the  state  of  protosulphuret,  and  is  thus  rendered  inactive. 

Silrer  is  permanently  positive  towards  iron,  nickel,  gold,  palladiuia, 
and  platinum, — because  the  non-oonducling  eulphuret  diaeolvee  as  fast  as  it 
is  fomjed. 

Copper  is  at  first  positive  towards  silver,  the  latter  remaining  bright) 
thrn  the  current  ecaees;  afterwards  the  silver  becomes  positive,  and  tar- 
jiiBhi-f.,— then  Again  the  copper, — and  so  on  alternately,  according  as  the 
UHlaUir  sulphuret,  which  is  being  formed,  prevents  the  copper  or  the 
•ilvrr  from  taking  sulphur  from  the  liquid. 

Iron,  nickel,  gold,  paUadium,    and  platinum,  not  being  capable  of 
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afastneting^  snlphnr  from  tbo  yellow  eolution,  two  of  these  tnetals  placed 
togoilier  ill  tliat  Rolntton  prmluce  no  current.  Fur  tlio  siime  reooon,  no 
cnirrnt  is  jjciir rated  by  sulplmret  of  blenitith,  gakna,  iron  pyrites,  cnpper 
pyritcH,  or  settle  oxiJo  of  iroOf  either  witli  ibe  roetala  jrs»t  meDtioaed  or 
Witli  one  aiiutlit^r, — although  the  circuit  givm  ready  pas»gfl  1o  a  tfaenoo- 
ctric  currcDt 

It  18  only  when  the  yellow  solution  is  very  much  ililut«d,  that  it  reo- 
der§  iruii  pomtivL*  tuwanJa  platinum,  in  coueeqiieuoe  of  the  formattoD  of  a 
voir  tfiBsi]]  quantity  of  sitlphnret  of  iron. 

Irun,  piatinQin,  &c,  are  strongly  jwjsjtive  towards  protoiide  of  jfon 
(hv  Jratcdi),  jwroxidc  of  Tuanpanese,  rt'il  lead,  white  lead,  yellow  axkle 
of  le^d,  and  motit  of  &U  towards  percvxide  of  lead;  for  the«e  oxide«  3rieid 
oxyg<;ti  to  the  solution,  [The  nn?tal  more  or  )e*«  roducetl  tak^  up  nega- 
tivw  lileptricity,  nod  eends  positive  plectricity  through  the  galvanomeler  to 
the  jiltititnini,  it(\l  Hence,  iron  mated  by  exposure  to  damp  air,  or  oxi- 
dated by  nitrie  acidj  thro  washed  with  water,  potash,  and  water  asraiu, — 
and  ovou  iron  apparently  bright  and  clean  (since  a  film  of  oxide  h  always 
formed  on  it  as  it  dries),  is  pieitivc  towards  platinum  at  the  first  inetant 
of  immersion  in  the  yellow  eolation.  But  iron  heated  iu  the  air  till  the 
eurface  tarnishes,  gives  no  corrcnt  with  platioum. 

The  wdoiirlesa  solution  of  bihytirosulphnret  of  potaah  jtitcs  cottw 
ponding  results:  Lead,  bismuth,  copper,  silver,  and  diimlpharet  of  Mp* 
jicr,  are  positive  towanls  iron,  nickel,  gold,  or  platintm).  Silver  ta  P<w- 
tire  towards  lead,  The  etirrent  between  lead  atid  plationui  soon  dimi- 
ni«bes  without  entirely  ceasing;  that  between  bismuth  and  platinum 
em^i  almost  %vhoIly. — Nickel  is  Blightly  but  permatiently  po8iti%*e  to- 
wards platinum;  iron.  lirsL  negative,  then  neutral,  then  positive, — becatm^ 
at  first,  the  Iroit-rnet  fumis  eialpharet  of  iron,  which  is  afterwards  dis- 
solved.— Thus  far  Fararlay. 

nnpiH»r  18  positive  towards  iroa  id  hydrosulphate  of  polaah.  (H.  Dafy.) 
— In  solution  of  liver  of  sulphur,  it  ia  positive  towards  tin,  lead,  and  even 
tine,      (Marinciiii.) 

Copper  i«  i«)iiitive  towards  iron  in  concentrated  solution  of  liver  <A 
sulphur,  and  blacken?  tininediately,~'While  the  iron  is  bnt  eliL'htly  bla«.-k- 
onod.  When  the  solution  is  moderately  diluted,  the  eopper  is  first  neg^ 
tive,  thon  posilive.  On  cownectino:  the  two  plates  after  i bey  have  b«!ti 
iuiniersed  in  the  solution  for  some  time,  the  eopper  immediately  beeomes 
positive.  It  will  also  remain  positive,  if  the  iron  plate  be  exposetl  for 
smnc  time  to  the  air  and  then  again  iraroersed, — or  if  it  be  replaced  by  a 
aw  one;  but  if  the  copper  plate  be  exposefi  to  the  air  [in  whieh  ca«© 
aulphuret  of  copjKT  may  be  converted  into  sulphate],  or  immersed  for  a 
short  time  in  water  containing  an  acid  or  coramou  salt, — it  will,  when 
again  immersed  in  the  solution  of  liver  of  sulphur,  at  first  exhibit  a  nega- 
tive reaction;  just  as  a  fresh  eopper  plate  is  at  first  negative  towarda  t1i4 
old  iron  pinfe.  The  current  ie  not  reversed  by  diluting  the  eoncentrot«d 
Bobtiou  with  such  a  quantity  of  water,  tbat  clean  eopper  would  be  negb- 
tivo  in  the  mixture,     (Fechner.) 

In  concentrated  solution  of  li-ver  of  sulphur,  antimony  and  lunniiitli 
are  »lf^^htly  positive  towards  iron,  and  tin  towards  lead.  Silver  and  cop- 
per are  stron.srly  positive  towards  antimony,  bismuth,  tin,  lead,  or  iron. 
Copper  is  posiiivc  towards  silver.     (Fechner.) 

Electrical  series  in  hydroj-ulphate  of  pofiwh:  Zioe,  tin,  eopper,  iron, 
bismuth,  silver,  pialinuui,  palladium,  gold,  charcJoaL     (H.  Davy.) 

In  tUeyoilow  sotatieu  (I  measure  of  concentrated  eolutioQ  to  7  mea- 
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seres  of  "water):  zinc,  copper,  cadmium,  lin,  eilror,  lend,  antimony,  bi«- 
iniitb.  njeke),  iroti.'^Tti  tlie  colourless  Bolntton  (bi-liyilrogulphui-et  of 
potash):  Cadiulum,  zinc,  copper,  tin,  aoltraoDj,  eUver,  lead,  bismuth,  nitkel, 
UOD,     (Fnraday.) 

Exprrim&hls  mtk  crrttfxn  hued  mhttancfs.  Zinc  gires  a  strong  current 
with  platiaum  in  fused  oxide  of  lend  or  clilorate  of  potaab;  the  prcKcnce 
of  water  la  not  absolutely  necessary.  (H.  Dary.)  Zinc  ami  nlatitiurn 
form  powerful  circuits  in  fused  carbonate,  chlorate,  or  nitrate  of  potash. 
Still  wore  powerful  eircnita  are  formed  by  ircm  and  plfttinum  in  the  same 
wULs,  or  in  phoBphate  of  sodn.,     { Faraday.) 

Id  fused  rtilratc  of  silver,  iron  oxidates  at  the  samo  rate  and  with 
Ihe  eame  dolours  as  trhen  heated  in  the  air, — no  ptecipitsitton  of  stlrer 
ensaee.  Inm  and  plutintini  placed  together  in  the  fused  silver-salt  pro- 
dnco  either  no  current  at  all,  or  the  opposite  of  what  might  be  expected, — - 
that  is  to  say, — primitive  electricity  goes  from  the  iron,  through  the  galra- 
nometer,  to  the  platinxun.     This  ctirrent  is  tbermo-eloctlic.  (Faraday.) 

Tmo  MdaU  and  one  Liquid^  Vfhich  is  HWqnally  fieaied. 

The  liquid  being  contained  in  the  bent  tube  {App,  5),  into  the  amis 
of  which  the  two  metallic  wirea  dip,  and  the  portion  in  one  arm  only 
1>eiiig  heated  till  it  boils,  the  following  resulte  arc  obtained, — according  to 
Faraday. 

In  dihtUi  fiiJphuvie  add:  Hot  iron  is  stronn;Iy  positiye  towards  cold 
tin;  hot  tin  still  more  strongly  positive  towards  cold  iron. — Hot  iron  ia 
feebly  positive  towards  cold  lead;  hot  lead  strongly  positive  towards  cold 
iroD. 

/«  dilute  ntlrie  aeid:  Hot  tin  or  lead  ia  poettive  towards  cold  ironj 
hot  iron  positive  towards  cold  tin  or  le^id. — L^ad  is  always  punitive 
towards  tin,  but  hot  lead  more  strongly  than  cold, 

/«  agtieotu  Mctiition  ofpoiath:  Cold  tiu  or  cadminm  18  feebly  positive 
towardf  ktfl  lead;  hot  tin  or  uaJiiiium  strongly  positive  towards  cold 
lead. 

In  iftllovB  Molntion  ef  sniphnret  of  polfwtium:  Cold  sine  is  positive 
towards  hot  cadmium  or  tin;  cold  caJmiuni  or  tin  is  positive  towards  hot 
Alft— Cold  zinc,  tin,  or  silver  is  strongly  positive  towards  hot  lead;  hot 
zinc,  tin,  or  silver,  i^lightly, positive  towards  cold  lead. — Cold  lin  is  feehly 
poftitjre  towards  hot  silver  (which  becomes  tarnished)j  hot  tin  is  strongly 
jKjsitive  towards  cold  silver. 

The/iiihwing  are  results  of  a  dif  event  character :  Dilute  sulphurio  acid 
with  copper  and  silver:  If  both  arms  of  the  tube  are  cold,  or  the  silver 
ami  cold  and  the  copper  arm  hot,  the  deviation  amounts  to  only  l";  bat 
when  the  silver  arm  is  heated,  it  rises  to  tfT,  diminishing  agula  as  the 
liquid  cools;  in  this  case,  the  copper  is  alwaya  positive. — Suvcr  i«  always 
positive  towards  platinum  in  dilute  sulphuric  acid;  but  when  both  arms 
»re  cold,  the  deilection  amounts  to  4°;  when  the  silver  arm  is  heated,  it  U 
\9°'f  and  when  this  arm  is  cold,  but  the  platinum  arm  hot,  80", — Tliia 
iS0(«it$e  of  the  current,  by  heating  the  part  of  the  liquid  in  contact  with 
■i  ncg^ative  metal,  is  due  to  the  increased  facility  with  which  the  current 
»ce  from  this  metal  to  the  liquid,     f  Faraday.) 

Martanini  likewise  foaml  that  the  electric  current  iucrea.^es,  both  when 
the  xinc  plate  is  heated  bcforo  immersion  in  dilute  acid,  and  also  ivh&a 
iMa  plate  is  kept  cold  and  the  copper  plate  heated. 
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Qutftidty  of  iJie  Electric  Currmt  produced  by  two  Metalt  and  ow  Liquid. 

[The  greater  the  number  of  atoms  of  the  electro-negative  clenicDt  of 
tlie  liquid  ta-keu  np  by  one  of  the  metals  in  a.  givon  tiTue,^^ind  the 
Btnaller  tlie  amouDt  of  purely  chemical,  and  the  greater  the  amount  of  elt-c- 
tro-chemical  aetion  (p,  343,  ff) — the  greater  is  the  qnantity  of  electricity 
which  passes  from  one  met&l  to  the  other.  Consequently,  the  quantity 
of  the  electric  current  is  increased  by  all  circumstances,  which,  (l),  aocete- 
r»t«  the  de<K}mposition  of  the  liquid  by  the  metal;  and  (2),  facilitate  the 
tnuislereDce  of  electricitv  froin  one  metal  to  the  others  and  that  of  the 
aegatire  electricity  from  the  inactive  metal  to  the  liquid^ — whilst  contrary 
cilVUm^taDcos  produce  the  opposite  effect.] 

A  sine  wire  and  a  platinum  wire  each  -^  of  an  inch  thick,  and  ini- 
nwreed  f  of  an  inch  deep  in  a  mixture  of  one  drop  of  oil  of  vitriol  with  4 
ounces  of  water,  produce  in  3 '2  seconds  as  great  n  deflection  nf  the  ma^ 
netic  needle  as  thirty  turns  of  a  powerful  electrical  machine,  (Faraday.) 

Equivalent  weights  of  different  metals  d!s3olving^  in  the  same  liquid 

fBnerato  currents  of  equal  quantity  but  different  intensity;  e.  g.  litic  pro- 
ucea  a  more  intense  current  than  copper.     (De  la  Rive.) 

Mature  of  the  liquid.  Since  the  rapidity  of  the  chemical  process 
varies  with  the  nature  of  the  liquid,  it  follows  that  the  same  pair  of 
mt/UAt  immersed  in  different  liquids  will  produce  currents  differing  in 
quantity. 

Zinc  and  copper  produce  a  stronger  current  in  dilute  sulpfaaric  acid 
than  in  water  or  strong  oil  of  vitriol.  (Fechner.)     [Because  the  «no  oxi- . 
dates  most  quickly  in  the  dtlnte  acid.] 

If  a  mixture  of  !0t>  measures  of  water  and  1  measure  of  oil  of  vitriol 
dissolve  1  part  of  an  amalgamated  zinc  plate  joined  with  a  copper  plate, 
the  quantity  dissolved  in  the  eame  time  by  a  mixture  of  3  measures  of 
oil  of  vitriol  with  100  measures  of  water  will  he  I'fi;  with  G  measures  of 
oil  of  yitriol,  I'S;  with  9  mcaBures,  2*4;  with  12  measures,  40;  with  15  i 
measure^  4'4;  with  IS  rooasures,  2*9;  with  21  measures,  2'8;  and  with  24 
measures,  2  4.  part«.  Hence  the  strongest  action  is  produced  by  a  mixture 
of  100  measnres  of  water  with  IS  measures  of  oil  of  vitri<d,  the  epecifie 
gravity  of  t»h«ch  is  1-14,  This  i»  the  case,  whether  the  plates  bo  oiily 
half  an  inch  apart  or  at  a  greater  distance.     (Binka.) 

A  pair  of  zinc  and  copper  pintes  imniereed  in  a  miitnro  of  1  meaaare 
of  oil  of  vitriol  with  60  measures  of  water  gives  a  deflection  of  106°;  in 
a  miiture  of  1  measure  of  hydrochloric  acid  with  40  measures  of  water, 
58°;  of  1  measure  of  nitric  acid  with  40  measures  of  water,  106  ;  of  1 
nwflsure  of  nitric,  I  measure  of  hydrochloric  acid,  and  80  measures  of 
wat«r,  59";  and  of  1  measure  of  oil  of  vitriol,  2  measures  of  nitric  acid, 
and  160  measures  of  water,  120°.  The  last  mixture  evolves  scarcely 
any  hydrogen  gas,  and  does  not  dissolve  half  so  much  zinc  in  a  given. 
time  as  the  first  does. 

If  a  zinc  and  copper  pair  in  distilled  water  prodnce  a  deflection  uf 
1°,  the  deflection  prodnced  by  the  same  pair  in  sea-water  will  be  10'; 
and  in  the  following  solntions,  all  of  which  contain  1  part  of  the  material 
to  )00  parts  of  wntcr,  the  number  of  degrees  of  deviation  will  he  aa 
foflovva:  Cyanide  of  endium  10-9,  hydrocyanic  acid  18,  ammonia  164, 
Bodit  32'6,  phosphate  of  pota>:!i  447,  borax  453,  phosphate  of  eoda  4fi, 
tartar  emetic  50'7,  aulphate  of  «inc  51-6,  chlorate  of  baryta  832,  potash 
55-7,  protochloride  of  iron  56-5,  nitrate  of  lime  57,  aoetato  oif  pota«U  59, 
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niiralo  of  baryta  00,  protostilpliate  t*f  iwn  623,  CTeam  of  tartar  62'4, 

sulphate  oif  magnesia  62  6,  »cetato  of  eoJa  64*9,  bicarhooEite  of  pntaab 

66-7,  chlorate  of  potasU  68'9,  carbonate  of  eoela  69-2,  benzoic  acid  70' 7, 

melaunte  of  ammonia  71 '1,  sulphate  of  soda  74'2,   bcnioato  of  pntash 

7ti  6,   nitre  78,  sulphate  of  pota^b  80,  commnn  salt  84'8,  alum  H^,  citric 

a<*id  85*7,  acetic  acid  87,  neutral  tartrate  of  potash  92,  tartaric  acid  !}8'7, 

chloride  of  calcium  110,  phosphnric  acid  127,  flowers  ot  &a.l-amnioniao 

containing'  iron  13-6,  oxalate  of  potash  149,  sal-ammoDia^  IjO,  acetate 

of  copper  154,  hydrochloric  acid  184,  oxalic  acid  179,  sulphuric  acid  239, 

sulphate  of  copper  154,  eubaitratc  of  mercury  278,  nitrate  of  silver  298, 

chloride  of  gold  307,  nitric  acid  358,  chloride  of  platinum  418. — A&- 

eordingly  ae  one  part  of  the  following  enbetancaa  ie  dissolved  in  100  or  1000 

porta  of  water,  the  deflectioo  produced  on  the  tmmersioa  of  a  pair  of 

sine  and  copper  plates,  is,  in  the  caae  of  sulphate  of  magnesia,  as  24  :  13; 

of  common  ^t,  as  5  : 3;  of  acid  oxalate  of  pota&h,  aa  27  :  11;  and  of  snU 

pbnric  acid,  na  9  :4. — If  the  deflection  in  pure  water  be  aaauincil  =  1, 

that  in  alcohol  =  0-323.     The  addition  of  salts  to  the  alcohol  pn^diicea 

less  inereaae  of  deflection  than  tho  corresponding  addition  to  water  would 

occasion.  {Marianini.) 

Tiffiiperattire  of  t}it  liquid.-— ^K  zinc  and  copper  pair  in  salt-water  at 
17"  C.  produces  a  deflection  of  0-2"  j  at  35°,  tho  deflection  amounts  to 
1-3°;  at  48',  to  *2-0°;  and  at  75%  to  40*.  The  deflection  decreases  j^radually, 
bat  more  and  more  slowly  as  the  liquid  cools.  In  liquids  which  excite 
a  copious  current  even  in  the  cold,  the  increaae  ou  the  application  of 
beat  is  not  ao  considerable  [because  in  this  caso  the  chemical  action,  beinz 
already  oonsiderablo  in  the  coldj  is  not  so  much  increased  by  heating]! 
(M&rianiai.) 

The  quantity  of  hydrogen  gas  evolved  on  a  plate  of  copper  connected 
with  an  amalgamated  zinc  plate  is  1^  times  as  great  at  153^  as  at  11 -7°. 

"W  .  .  , 

Gradual  aUtTalion   of  the  liquid. — Chemical  action  diminishes,  in 
portion  as  tho  activity  of  the  liquid  in  contact  with  the  positive 

metnl    ia  diminished   by  saturation.     Circumstances   which  renew    tho 

liquid  increase  the  current. 

If  two  inotalB  are  placed  in   the  two  arms  of  the  U-tube  {Ajtp.  5), 

and  one  of  them  is  moved,  that  one  becomes  more  positive  tliati  Iho  other, 

Thus,  cadmium  is  positive  with  tin  in  dilulo  sulphuric  acid;  but  tf  we 

wait  till  the  deflection  has  diminished,  and  thea  move  the  tin,  that  metal 

iinnicdiately  becomes  positive.  (Faraday.) 

In  water,  and  solutions  of  sal-ammontac,  common  salt,  nitrr>,  or  sni- 

phate  of  line,  tlie  electric  current  of  a  zinc  and  copper  jmir  diuiinisheB 

Srtickly  and  regularly  from  the  beginning  of  the  action  ;  in  dilute  acids 
owly.  often  not  till  the  acid  is  nearly  satuiatt'd, — slowly  also  in  potanb. 
■  A  current  which  has  grown  feeble  in  a  saline  solution  may  be  rovivod 
I  by  wiping  the  copper  surface  with  a  feather  [whereby  ihe  nIkiiH,  &c. 
H  accumulated  there  is  removed].  Wiping  the  stinc  plate  is  lot-*;  cfticncious, 
H  aod  stirring  the  liquid  in  the  middle  docs  no  good  whatever,  On  the 
r  contrary,  wlicn  the  current  of  a  linc  and  coppf  r  pair  in  oil  of  vitriol, 
solution  of  carbonate  of  potash,  or  liver  of  sulphur,  has  grown  feelilf,  it  is 

Icotisiderably  increased  by  wiping  the   zinc  ytlate  [in  oil  of  vitriol   the 
wiping   removes  solid   sulphate  of  ilnc], — less  by  wiping  thn   <.op]>cr, 
(Ro»cn*rbi>Id,) 
T/tickn<!M  of  the  intervening  liquid.     [The  nearer  the  two  metals  ar« 
to  one  atiotber  in  the  lii^uiid,  and  tbe  shorter,  therefore,  tho  scries  of 


S78 


ELECTBICITT. 


nUtms  along  vbic^  transpoBition  nutt  take  plaoe,  the  leu  will  be  ths 
•mnunL  of  purely  chpinioal,  and  t!i«  preatpr  that  of  electfo-cbcinical 
nction,  tuid  tlie  mure  abimilnnt  therefore  the  current.] 

If  ilie  deflection  f>rodu«^<xl  hy  ft  pair  of  tine  »ml  copper  platm  !b 
dilute  flulpharit;  acitl — the  tlUUnce  Iwtween  th*  plal««  being  21  linc«^— 
be  BB&Dined  =  1,  the  ilefleelion  &t  13  liiie»  dietaDoewill  be  1-3:  at  6  tinea, 
1*7;  &t3  ltDe«,  £-1;  and  at  |  liiip,  2-6.— The  deflection  is  greater  when  the 
plat4W  art  parallet  than  when  they  are  inclined  to  one  nnotlier  at  an 
angle  of  45  .; — aad  lea«t  of  all  when  they  are  perpenditiulat'  to  ^ch  other. 
(Bigeofl.) 

According  to  the  distiinM'  betwecnn  the  amalitiunated  sine  plat«  and 
like  copper  II bite,  andajccordtnglyae  100  mpaiures  wf  water  arc  mixed  with 
1,  3,  6,  0.  or  IS  measures  of  oil  of  vitriol,  the  numhcr  of  seconds  required 
£»r  the  evolution  of  a  ^ren  quantity  of  hydrogen  gas  is  as  follows : 

Diatanai^        Meuures  of  Oil  of  Vltrid.     pittmaw.        Mearana  t>f  Oil  of  Vitjial. 
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26 
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125 
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40 
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18 
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4S 

910 

370 

240 

iro 

20 

590 

220 

165 

145 

44 

920 

370 

240 

1-0 

The  law  erninciated  bj  CommiDg  and  Ritolue,  viz.,  that  (he  curr«Qt 
varies  inversely  as  the  square  root  of  the  distance  between  the  platc«,  i« 
not  coDfirmed  tiy  ibe&o  nuiubers.  With  the  weakest  acJd  (1  mnaaaire  of 
oil  of  vitriol  to  100  measures  of  water)  the  cnrrent  at  the  distAboO  if 
44  incites  is  to  that  at  half  ait  ineh  as  1  :  5;  with  the  strongest  acid  (18 
measures  of  oil  of  vitriol  to  100  meaeares  of  water)  the  ratio  ia  &«  1  :  ^|. 
The  greatest  diminution  occurs  in  all  casea  at  the  increaav  of  thd  d)9' 
tance  fruin  \  inch  to  I  inch.  The  anomaliee  wbicb  ooour  in  ill*  tabic 
are  marked  with  ik  star.  (Binkft.) 

Surface  of  tJte  potitivt  mttal. — A  moderately  rough  amalgamated  Kia« 
plate  produces  thcstrungcst  action:  when  the  plat«  i*  either  quite  amootb 
or  very  uneven,  the  action  is  weaker  ;  in  the  latter  caao,  loo  much  mer- 
cury reniainiS  in  the  hollows  and  inierferee  with  the  Eiction  of  the  aeid. 
— WIicu  anialgtkmatcd  icinc  h  constantly  nscd,  the  iitipuritieA  which  it 
contains  accumulate  on  ita  surface  and  weaken  the  action  of  tbe  add; 
hence  it  miiet  be  cleaned  uccasionaily.  (Binke.) — When  a  plato  of  amal- 
ganintcd  zinc  connected  with  cop])er  and  intmerM^d  in  dilnte  snlphnrio 
acid  has  become  coverod  with  huliblee  of  hydrogen  iraa,  the  camnt  is 
inoreosed  in  the  ratio  of  2  :  3  hy  removing  the  bubbles  hy  agitation^  and 
thus  increasing  the  effective  surface  of  the  zinc.  The  current  U  MMi 
vcakcned  by  pla^clng  the  Jiiuo  plate  io  the  horizontal  position,  whanibf 
a  con^ideraMe  quantity  of  gas  is  suflered  to  accumulate. 

Coiiiltjctinff  power  of  the  connecting  wire. — [The  more  the  pasm^  «f 
negative  electricity  from  the  positive  to  the  negutive  metal  is  impeded 
by  imperfect  conduct  ion,  iho  more  doaa  th»  electro-chemical  soiion  dimi- 
mah,  and  the  purely  ckomioai 
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If  (t  pair  of  Kiitc  and  copper  plates  immeraed  in  water  be  coiinect«(l  at 
one  time  by  iv  thick  nnt\  sbort  win},  at  another  Ly  n,  Terv  thin  and  king 
wire,  w'Lirli  oflers  7000  times  as  much  resiBtance  us  the  t'ornier,  the  qiian- 
iitj  of  llie  current  in  the  Gret  placo  will  ha  to  that  of  the  second  an  1^:1; 
i)iit  iu  Jlltite  Bulplmric  acid,  tlit*  ratio  =  191  :  1.  (Fcchnor.)  [Tho  atnAll 
qnantitj  of  clectricitj  dcToloped  by  the  water  finds  an  easy  |>tt»!iag«  oven 
througli  the  long  thin  wire, — hence  the  ciirront  is  hut  alightly  weakened ; 
but  of  tiie  large  tjuantity  developed  by  the  dilute  acid,  only  a  very  einii.ll 
porliim  gues  thruugb  the  thin  wire, — hence,  in  this  case,  tlie  negattvA 
electricity  set  free  in  the  xiuc  is,  for  the  most  part,  transferred  directly  to 
the  hydrogen.] 

\vben  ^ino  and  copper  are  connected  hy  n  very  thio  eopper  wire, 
16,000  foel  long,  the  quawtity  of  the  current  prudoced,  varies — accordingly 
OA  the  metala  arc  inimcrEcd  in  weak  or  etrong  nitric  acid  (the  latt«r  of 
wbich  likewise  evolves  gas  on  the  copper) — in  the  ratio  of  100  ;  52, 

The  copper  wire  which  connects  the  two  metals  fri^^s  a  etronger 
current,  when  it«  conducting  power  has  been  increased  by  previous  igni- 
tion. (Btnks.) 

Mature  of  the  iinjalivt  mutaL — [Tho  previous  awamptlon  that  the 
electric  current  is  stronger  in  prnpirlion  as  the  negative  metal  employed 
ia  more  decidedly  negative  towards  the  positive  metal,  «.  ff., — stronger 
with  silver  than  with  eopper,  and  with  ptntinmn  than  with  silver,  &<i., — is 
not  found  to  be  correct  in  all  c.ise?,  at  least  as  rcjEfarda  (^imntily.  The 
facility  witli  which  negative  electricity  is  transferrod  from  the  negative 
uietnl  to  the  separated  clcctro-positive  element  ol'  tho  liiguid,  apiiears  to 
uccording  to  tho  nature,  both  of  the  liquid  and  of  the  metal,] 

Zinc  in  dilute  sulpbnric  acid  produces  a  Btronger  current  with  copper 
with  platinum,  because  the  latter  transfers  the  negative  electricity 
to  the  iiqnid  leea  readily  than  the  former.  (De  la  Hiv&.) 

In  dilute  salphnric  or  nitric  ncid,  and  in  eolotion  of  common  salt  or 
(AUBlic  potash,  ainc  givca  a  stronger  current  witli  iron  than  with  any  of 
the  other  metal*,  oven  though  they  may  be  much  more  powerfully  nega- 
tive than  iron.  (Poggendortf.)  Likewise,  in  solution  of  nitrate  or  carbo- 
nate of  potash,  line  gives  a  more  abundant  current  with  iron  than  with 
copier;  liiit  in  pore  water,  dilute  livdrochloric  acid,  solFition  of  sulphate 
of  »o<la,  carbonate  of  ammonia,  or  sal-amm'>niac,  and  in  alcohol,  it  gives 
•  ttrwngcr  cnrrent  with  copper  than  with  iron.  (Petrina,  ZfHncAr.  Ph. 
».  W.  8,  281.) 

Charcoal,  though  more  negative  than  platinum,  gives  a  werttter  ourrent 
with  Jtinc;  it  is  considerably  improved  by  the  precipitation  of  platinum 
on  its  tfurfacc,  (Smee;  Comp.  llubcrL?  anil  PoggendorJf,  p,  350,  and  Ma- 
rianiQi,  p.  351.) 

C'ondUion  of  the  mrface  of  the  nt-gative  met^l. — [The  more  oneven  the 

'ace  of  the  negative  mottvl,  the  more  tibutidaut  is  tlie  current.     Tire 

ier  evolution  yfgas, — «,  j.,  of  hyrlrogeii  ga*— on  inoqualitie?  of  surface 

271),  mast  hero  be  taken  into  account.  Covering  the  surface  of  the 
iwj^tive  metal  with  thin  films  of  substances  having  Icm  conducting 
pon-pr  weakens  the  current.] 

When  the  copper  connected  with  the  zinc  hofl  a  smooth  surface,  th* 
deflection  is  less  than  wlien  it  ia  perforated,  bent  in  various  ways,  en- 
glSffd  in  atjuarcs,  or  scratched  with  a  fiio  it)  all  directions    {Bigpon.) 

Tho  hydrogen  esiapes  most  abund;intly  at  the  e<l»*e9  and  angles  of  th» 
pi^tiva  BretaL  Unignited  platinum  or  silver  does  not  take  up  the  liquid 
~  iMtdiiy,  and  therefor?  does  not  give  so  strong  a  current  m  that  wfalch 
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hM  been  ignited.  Cbarcoal  long  exposed  to  the  ftir  u  less  effective  thu 
freBh\y  l^itcHl  irliarcoal.  Spongy  platinsm,  or  platinam  foH  corenid  with 
plAtinam  powder,  acts  more  etronply  than  eroooth  platinum  foiL  Tlie 
mbwing  Babfltances  immersed  b  dilate  Eolphuric  acid,  in  contact  with 
uaid|;]uuated  tine,  Uberst«  the  foDuwtng  qaaotitiee  of  bjrdrogen  ga«  in  & 
tniiiute:  Platinum  foil  covered  with  platiDam  powder,  5  eubic  iucfaea; 
sisootl)  platinum  foil,  afier  ignition,  1;  the  same  nnignited,  i;  plaUnised 
ooke,  \;  oommon  «oke,  ^  Cbo.  in.  If  the  Uqoid  ooatainE  nitric  aetd,  and 
eoneequentljr  no  gas  ie  erolved,  the  carreot  is  not  much  increased  by  tlie 
pulremlent  condition  of  the  surface:  hence  it  is  the  more  rapid  evolation 
of  gas^  and  pot  the  extension  of  surface,  that  eaaaes  the  increase  in  the 
current.  Other  finely  dtrided  metals  do  not  act  so  powerfully  ag  platinum, 
with  the  exception  of  palladium, — whieh  however  does  not  produce  much 
eSect  in  the  spongy  etate — but  when  precipitated  upon  plat'innm  or  silnpr, 
acts  Bfi  strongly  as  finely  divided  pl&tinum.  Considerable  effihct  is  jjn>- 
dnoed  by  platinum  precipitated  on  palladiam,  silrer,  or  plated  copper. 
The  aOTer  or  plated  copper  (the  copper  surface  of  the  latter  being  corered 
with  Tarnish)  is  immeraed  in  water  acidulated  with  eulphnric  acid,  to 
which  BOJne  solution  of  chloride  of  platinum  ha^  been  added, — and  con- 
nected by  a  wire  with  a  zinc  plate  contained  in  a  porous  ressel  filled  with 
dilute  sulphoric  acid,  and  immersed  in  the  first  mentiooed  fluid.  The 
platinnm  attaches  itaelf  to  the  sHver — provided  the  surface  of  this  metai 
has  been  prertouislT  roughened  with  strong  nitric  acid — go  strongly,  thai  ii 
cannot  be  reraoveo  by  rubbing.  (Smee.)  \ 

Ignition  renders  a  copperplate  more  active,  by  increaang  its  eoit-J 
ducting  power  and  removing  any  impurity — for  example,  the  grease  of  tlMi^ 
£nger — which  may  be  attached  to  it. — A  plate  of  copper  thrown  in  a  statd. 
of  ignition  into  sulphuric  acid,  and  then  cleaned,  exhibited  remarkable 
activity, — While  the  circuit  is  closed,  the  copper  connected  with  zinc  in 
dilute  aulphuric  acid  ia  continually  con  trading  impurities, — in  conaeqaenco 
of  vbich,  the  evolution  of  gas,  and  therefore  also  the  electric  current, 
aufi'ere  considerable  diminution.  If  the  quantity  of  hydrogen  gas  evolved 
on  the  surface  of  the  copper  in  the  first  5  mtnates  be  35  measores,  the 

auantity  evolved  in  the  second  equal  interval  will  be  33  measures;  in  the 
lird,  29;  in  the  fourth,  24;  iu  the  fifth,  17;  and  in  the  sixth,  9.  On  c1«a&> 
iDg  the  copper  plate,  the  quantity  again  rises  to  33  measures.   (Bink^) 

Jitt<rtive  ettent  of  surface  of  the  nfpative  metal. — [The  greater  the 
maifmoB  of  the  negative  metal,  the  greater  also  id  the  facility  with  which 
the  negative  electricity  passes  from  it  to  the  separated  poeitive  element  of 
the  liquid  (hydrogen,  metals,  &c.), — and  the  etronger  therefore  is  the 
current.] 

The  surface  of  the  zinc  plate  tetnaining  the  same,  the  qnantity  of  the 
current  is  considerably  Increased  by  enlarging  the  surface  of  the  copper 
plate.  In  dilute  sulphuric  acid,  the  current  is  donbled  by  increasing  the 
Copper  surface  twofold,  trebled  by  increasing  it  tenfold,  and  quindrupled 
by  increasing  it  thirty-fold.  Enlarging  the  zinc  surface,  while  that  of  the 
copper  remains  the  eame»  producer  but  little  increase  of  the  cntrent 
[because  this  relative  diminution  of  the  copper  snr&ce  increases  lh« 
amount  of  purely  chemical  action].  Increased  thicknea  of  the  tnelal 
plates  has  no  cfTect  whatever.    (Alananioi.) 

lacreasing  the  sar&oe  of  the  negative  metal  *itrengt liens  the  cummt 
tnost,  when  the  cbemical  action  is  w*>nt*'=»    'l>e  la  Bive.) 

A  line  plate  whose  sor&ce  la  eq'  f  thai  Of  the  copper  plate, 

gives  na  atrong  a  cnrrent  at  it  woolu   .  .•         '     '      H^  we  erjiul  (o 
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that  of  Ihc  copper;  but  if  the  zinc  surface  be  etill  farther  diminished,  the 
current  decreases.  (JIuilins.) 

The  greater  the  distance  between  the  two  plates,  the  greater  is  the 
iiirrea5c  in  the  quantity  of  the  current  produced  by  a  given  enlargement 
of  eil-her  of  the  plates.  The  diatanee  lietween  the  metala  being  4  lines  in 
one  case  and  3  linea  in  the  other,  and  the  deflection  proJnccd  when  the 
two  pbt«a  have  equal  surfaces  being  aseumed  ==  1,  the  folbwiiig  are  the 
•iefleetioDS  obtAJoed  on  increasing  the  surface  of  one  or  other  of  the  plates. 
(Bigoon,  Ann,  Chim.  Pkys,  46,  80)  : 

DiatftiiRe  ^  9  inches. 
Ziac  surftwe.     Co{ip«r  Rurfaoe.     Del!«ctiaii, 

1  1 

1  1*25 

1  1-S 
1-5  1-21 

2  ViJ 
25  1-66 

5  2-2e 
4  2't9 

6  3-00 

Tlie  greater  the  surface  of  the  copper,  the  smaller  is  the  quantity  of 
hydrogen  gaa  which  attaches  itfielf  in  hubbies  to  the  eurface  Cff  the  amal- 
gamated zinc  [the  einaller  is  the  amount  of  purely  chemical  actionl. 
tink-*. — Several  expetimentis  of  Binks',  on  the  quantity  of  hydrogen  gaa 
erolTetl  on  the  copper,  according  to  the  extent  of  copper  aurface,  and 
likewise  according  to  the  diatanco  of  the  copper  plate  from  the  amal- 
gataoted  zinc  plate,  will  be  found  in  the  Phil.  Mug,  J.  12,  171. 

»  Movements  of  merntri/  in  tJie  simple  Galvanic  circuit,- — When  mer- 
CBiy  together  with  another  metal  comes  in  contact  wilii  diflerent  liquids, 
ptenliar  raotJone  of  the  liquid  and  of  suhstances  floating  in  it  are  often 
produced.  [The  immediate  cause  is  doubtleaa  to  be  found  in  motion  pro- 
daced  in  the  mercury  itself, — which  motion  ie  communicated  to  the  other 
liquid  and  is  there  more  easily  perceived.  But  the  caube  of  the  original 
motion  in  the  mercury  is  yet  to  be  discovered  ] 
I  1.  Small  pieces   of  potassium   or  sodium   placed   on  the  eurface   of 

H  mercury  covered  with  a  thin  film  of  watcr^  move  rapidly  abont,  rotating 
V  at  the  same  time,  until  they  are  oxidated.     On  dry  mercury  in  dry  air,  no 
motioD  is  produced. 

Pieces  of  an  alloy  of  antimony  and  potasaium  exhibit  similar  effects, 
tii«  smaller  ones  rotating  rapidly,  those  of  greater  magnitude  revolving 
ID  large  circles,  and  oblong  pieces  of  etill  greater  size  moving  backwards 
and  forwards.  The  motion  continues,  till  a  film  of  carbonaceous  matter 
and  other  impurities  (provionsly  exii^tiu^  in  tlie  alloy)  ie  formed  on  the 
surface  of  the  water.  A  few  drops  of  nitric  acid  likewise  check  it  in  m 
graat  degree. 

Small  pieces  of  an  alloy  of  bismuth  and  potassium  move  about  both  on 
niereury  covered  with  wat-er,  and  likewise — 'though  more  slowly ^-on  the 
ukod  surface  of  thjit  metal.  In  the  latter  case,  the  muiiiiture  of  the  air 
eoTnee  into  play; — for,  on  perfectly  dry  mercury  in  perfectly  dry  air,  no 
liBotion  takes  place,— ^though  it  immediately  commences  on  the  addilion  of 
gr.  The  mutton  in  common  air  likewise  censes  when  the  air  is 
(Tud  by  the  air-pump,  but  reconsmences  on  its  roadBiissioii.  When 
er  10  present,  however,  the  motion  continues  even  after  the  air  has  been 
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•xl]aukte<l,     Dnring  the  motion,  ft  black  film,  eonRisttDg  of  eliftroMl,  fin^iy^ 
dividoil  Uiamutb.aud  bubbles  of  liyilrogtD  ■^i*,i*  fomicd  ou  tlie  snrfftce  of  th«j 
water  anil  mercury.    Tliia  fiiin  \s  pueh  wi  aniJo  by  the  moving  pieces  of  metal.? 
But  if  a  metallte  t(A  of  bismutl,  eiqc,  tin,  ir<m,  oopper,  hnee,  or  silver,  ba' 
(lipiMMl,  Dwt  merely  into  the  water  but  into  tlie   mercury  also,  the  film 
quickir  rollcctc  aruund  it — even  from  a  considemble  riistance— nnnd  heapa 
itself  up  u}H)ii  it; — and  this  proce*<«  goes  on   till  all  the  potassium  is 
oxidsted.     Rods  of  wood  or  ivory  do  not  attract  the  film ; — the  eauee  la 
thcrcfuro  electrical.     If  the  positive  and  negative  wijea  of  a  battery  boj 
immersed  in  the  water — iu  sucl»  a  innnnerthat  neither  or  only  one  of  then 
may  touch  the  mereury, — the  film  eollcet^  round  the  negative  wire;  whilstj 
by  the  ptn^itiye  wire,  it  is  aUeraately  attraeted  and  repelled :  on  bringing 
the  pusitive   near  the  neealivc  ivire,  the  film   is  driven  away  from  thai 
latter.     A  pieec  of  the  alloy  of  the  size  of  a  pea  will  Bometimes  eonttnaaj 
ttt  move  for  several  day.?. — When  the  mercury  is  covered  with  solution  oi 
common  salt,  the  motion  is  slower.     If  a  ractallic  rod  be  then  intrnduced,| 
it  files  the  lilno  and  keeps  the  enclosed  pieees  of  metal  at  rest,  as  long 
it  cootiniieH  immersed.     Gtis-bobbles  are   likewise  evolved   upon   5t.— 1 
Piopes  uf  lead,  tin,  or  iron,  containing  but  small  quantities  of  potaesium, 
and  not  capable  by  themselves  of  decomposing  water,  move  about  aad 
rotate  on  tho  eurfaefl  of  wet  mercnryj  the  motion   being  qaieker  as  ths^H 
pieeeB  are  jimaller. — Alloys  of  eodinm  with  antimony  or  bismatfa  b«bardi^| 
like  tho(?e  of  prttausiuin. 

These  motions  proceed  from  the  erolutjon  of  hydrogen  gas;  for  an 
alloy  of  antimony  with  a  large  quantity  of  potajisiam  moves  a  little  when 
simply  placed  on  the  surface  of  water  or  alcohol,  and  always  in  a  direction 
opposite  to  that  in  which  the  greatest  evolution  of  gas  take^  place. — 
Traces  of  bismuth,  tin,  lea^l,  copper,  and  silver,  dissolved  in  mercury, 
Bepiirato  on  the  addition  of  potaasiiiiTi-aniiilgam  and  water, — bccanse  anJ 
evolution  of  hydrogen  pas  takes  plaee  on  the  bismuth,  &e.  (Serullaa,  J.f 
Pht/s,  01,  170;  99,  120;  Am.  Ckim.  Pktjt.  84,  102.— Cow/t.  EnOM, 
OUl>.  as,  353.) 

2.   A  quantity  of  mercury  in  a  basin  is  covered  to  the  depth  of  a  line 
with  solution  of  common  salt,  a  small  crystal  of  sulphate  of  copper  placed 
upon  it,  and  an  iron  wire  made  to  dip  throujjh  the  solution  into  the  mer- 
ciiry.     The    film    of  metallic   chlorides,   which    bad   previously   formed, 
iminediately  splits, — (he  mercury  becomes  bright, — and  vortieai  currentaj 
are  ]>rf)daccd,  proceeding  from  the  crystal.     The  crystal  moves  and  tuniaj 
itself  about  in  varioun  directicuis, — diinitiishe.^  iu  i^ize, — and  rlisaolves  mnchl 
more  (juicklv  than  Jt  woubl  if  the  iron  were  not  there;  when  it  i^  mm-, 
pletcly  dissolved,  the  motion  ceases.  \V  hen  the  cryHtat  tonehe«  the  mercury, 
it  movefi  about  the  surface  in  circle!?  in  a  very  corioug  manner.     Zinc, 
bismuth,  lend,  and  copper,  act  like  iron;  antimony,  silver,  gold,  and  pla^j 
tinum.  on  the  coutmry,  produce  no  effect.     When  the  mercury  has  been  ' 
used  several  times  for  this  experiment,  and  thereby  becomes  loaded  with 
copper,  the  motion  is  produced  witboul  the  assifitancB  of  iron;  and  in  tha 
same  manner,  eopper-amntgnni  will  also  produce  it  without  iron. — Mer- 
cury placed  in  contact  with  iron  and  solution  of  comtnou  salt,  also  givet 
rise   to  cnrrents   in   the  solution,  without  the   ag*i«taBce  of  aulphate  of 
copper, ^ — hut  thi.«  motion  vn  very  different  from  that  just  deseriWd. — If 
the  mercury  bi-  placed  in  .1  copper  ve-ssel  lined  with  blotting  paper,  the 
motion  is  produced,  as  soon  aa  the  copper  and  mercury  are  <x>nBect*;d  by  a 
platinum  wire. 

Sal-ammoniac,  chloride  of  potap  Ug  of  alanitnnin,  aosqni- 
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ekUritlo  of  obroniiQtu,  ftnd  protoehloriJe  of  iroOj  act  maoit  lesd  strongfly 
tban  cummoa  salt;  cbloridoof  barium  and  iihluride  of  oaicium  act  only  in 
the  dilute  etate.  and  for  the  muat  pari  but  feebly.  No  action  is  produced 
by  porchloride  of  iron,  chloride  of  cupper,  protuchlorldo  of  mercury,  or 
chloride  v(  platinunt;  or  by  chlomto  of  potash,  iodide  of  pot&fsium,  aalU  of 
Bulpburic  or  uitric  acid,  concentrated  hydrocbloriu  acid,  aqueous  solutioa 
of  tartaric  or  oxalic  acid.  la  dihitu  sulplitiric  acid,  the  crystal  mavcs  at 
firet,  but  £duu  beuotDQB  covered  with  a  red  ooatiog  af  copper,  and  is 
brought  to  TQBt.  Dilute  nitric  acid  praduces  inotioa,  merely  with  inQrcui^ 
and  iron;  but  the  additiun  of  sulphate  of  copper  greatly  incrcaseit  ths 
S0bct.  Sulphate  of  copper  may  be  replaced  Ijy  pieces  of  chloride,  nitrate, 
or  lurot&to  of  cop{>er;  with  tba  lirot  of  ihew  Kalt«,  however,  tbe  motion  ia 
ill  dttfiavd,  bocAUbo  tbe  eolation  ia  too  mpid,^-and  with  tht<  last,  because  it 
ia  too  alow,  Btinito  and  phosphate  of  copper  act  only  on  the  addition  of 
nitric  acid  to  tbe  eolutiou  of  aotumuti  salt.  SiUta  of  bismuth  f^tih^tituttHl 
for  Eulpbateof  cupper  produce  a  slight  motion;  Halts  of  tin,  a  stronger  ooej 
saltd  of  sine,  load,  nianjy^ne^o,  and  iron,  nono  at  all.  Nitrate  of  silver 
produco^  rupid  motion,  if  dilute  nitric  aoid  be  ijobstituted  for  solntion  of 
Gommoa  salt.  (Rungo,  fogff.  i,  lOii.) 

Mercury  conlaiuing  a  small  qtmality  of  sine  in  solotton  acta  power- 
fully with  Bolution  of  common  salt  and  solid  sulpbato  of  copper  without 
iron, — or  with  solution  of  c»rro«ivQ  sublimate  and  uolid  corrosive  sublimate 
or  sulphate  of  copper.  (Poggendorfl',  Poffff.  S,  112). — Tha  addition  of 
hydrochloric  or  stilpburic  acid  to  the  solution  of  comTnou  salt,  accelerates 
the  mulioti  of  the  aulpbato  of  copper,  Again^  if,  iu  plnce  of  ihc  crystal,  a 
drop  of  solution  of  sulphate  of  copper  be  aildod  to  the  solution  of  common 
aalt.  the  mercury  acquirer  a  trembling  motion,  whicb  is  eomniuDicated  to 
any  light  particles  that  may  be  floating  iu  the  upper  lif|uid.  (Gm.) 

3.  When  a  drop  of  a  mix  lure  of  ordinary  nitric  acid  with  an  equal 
quoutity  of  water  is  placed  upon  nieronry,  it  spreads  itself  over  the 
•tir&Cd.  On  dipping  an  iron  wire  into  the  mercury,  the  acid  instantly 
oollMts  round  it,  whde  a  jerking  motion  i»  communicated  to  the  mercury; 
on  withdrawing  tbe  wire,  tbe  acid  again  diffuses  itself  over  the  surface. 
Thia  phcitonienou  is  not  eibibitcd  by  hydrocbloric  or  aulphuHc  acid.  A 
globule  of  mercury,  four  lines  in  diameter,  completely  covered  with  nitric 
»ci<l,  iicquircB,  on  the  immersion  of  an  iron  wire,  a  violently  tremukm*, 
and  often  a  regular  rotatory  motion, — which  is  likewise  communicated  to 
the  iron  wire,  if  it  bo  laid  in  the  proficr  direction.  Tbe  motion  of  tho 
Scroury  continues  for  a  considerable  time,  tbe  wire  being  at  the  sama 
tiiD«  strongly  attackeii ; — and  an  the  mercury  comes  to  rest,  ibe  acid — 
whiob  gradually  a^umesa  greenish  brown  tint — U  thrown  into  a  state  of 
violent  rotatorv  muiion ;  at  tbe  game  time  a  fitmi  collects  round  the  wire,  tho 
reat  of  the  mercury  remaining  bright;  and  when  tbe  wire  is  witbdrsiwn, 
tfae  film  upreadu  itself  over  the  entire  surface.  Zinc  and  cadmium  cannot  ba 
Bubstitutcd  for  the  irou, — probably  becjvnsetbeyamHigamate  too  qiiickljr. — 
The  U-tube  (App.  i)  containing  mercury,  and  nitric  acid  being  put  into 
tbe  artn  b  above  tho  mercury, — -also  an  iron  wjro  being  madu  to  dip  into 
the  iiii'i-cury  in  u  and  aiiolher  into  the  acid  in  6, — the  mercury  in  b  falls 
liflf  a  line,  whenever  tbe  projecting  cnda  of  the  wirewaro  iiijidc  to  t^)ucll  one 
»nolbcr;bubblefl  ofgaa  are  formed  on  thetmrfaee  of  the  ntcnMjry.and  iti»jvo  to 
atwl  fro  every  lime  the  circuit  ia  opened  and  closed;  and  aliove  the  mercury, 
re  (*  formed  a  green  tab  brown  eolation  of  iron  (proton  itrato  of  iron 
'  'ning  nitrio  oxide),  which  i«  driven  to  the  top  wboa  the  circuit  ii« 
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•f  A  wlatiatt  of  BabaHnt 
— w  of  s  aoltttion  of  9p. 
Mra  free  mad  tkmn  b  Qi 
be  tawchei  witli  a  stiip  of  suii^' 
npUitf,  tkea  fiJl  ilown 
■mats  IB  the  BolatioB, 
,  «r  the  MtMiUl  eolatMO  exbnsted.— 

frota  1  lo 


e  hmhid  mm  a^jhiUb  of  mefranr 
■i  m  ^mU  ■TTTT,  BMler  ■  solatioii  of  snb- 
nj.asfleaaaeil  Ins  wetted  Ote  aac,  bcfiu 
'  ▼ieletij  thvowa  to  sad  iiv— 4od  preaenily 
t*— Mg  nmmi  m  circle  |  of  mn  ivrb  n  div^ 
Ainj  >?■■!  B  m  ^Bste.     Whea  all  the  n»e«>ciinal  solntiniiB 
',  «r  •  aeficiiat  Meatitj' af  pne  w  dneol'red  id  tJi«  taertfury,^^, 
Uealj  elefs.    Other  Betala,  f.  y.  iraa,  «>o  not  prodnee  thb 
■boa  Jtaye  ae  aeoB  a>  the  ■tiiai  i  hae  dMolrH  jJ^  cineii 
i«  he  iaiaa&iely  eld{iye4  h^  aiUta^  a  little  nueHkinal^ii 
T.     The  tolalieB  mpiaie  CIm  lo  depend  on  the  fonaatia 
•f  liae^  aa4  to  ccaae  ae  aeea  ae  thk  echetaaee  is 


(la^ge,  i^^gf.  !«,  3M;  17.  W7.) 


S.    OmtJUlal^mdmtLifmid. 

«.  F)kaoii)^eMf«c*f^Jf4Cel<oeM»McoMta(<w(£lt)le£if 

When  dilate  la^hazie  or  rnktic  vH  in  poazeil  npon  iram  fHii 
givni^neete  theeweMiMi  eChTdngcB  or  aitne  oxide  gaa,  wtegttira 
tricttj  SffKan  m  the  leahe.  '  (Lavvimr  &  Luhoe^  OtII.  Amu.  I78i 
I,  331.y— Whea  aa  acid  ae  dwfiped  aa  as  «xidaMe  natal  in  a  Mate 
initioa,  the  aetal  heeese*  aifjetiTe,  vhilo  the  T^^oor  exhibits  poeitiv 
ueetikity.  (De  la  ttirm.^ — Whoa  paireoaed  aitnte  of  oo|iper  ia  viap; 


[widi. 
I  electricity  appeaw 


of  sf^rfca  aad 
the  reenltiBg  pm- 


enJatVia  of  gae,- 
Aae*.    (&.  BUtger.) 

[Uetale  dai^  oxidatioa  give  oat  aegative  electricitr.  wbicli  mutt 
he  takn  ap  by  the  hjdni^  or  aitrie  Oizide  gam  evolred.  'But,  in  eonee- 
tfmmem  of  we  zafid  erolalian  of  gB%  tUe  tiaaeSexenoe  of  eleetrieitj  is  set 
eeaipihie;  the  gesei^  therefere,  take  the  raqeired  ^oaatitj  of  n^ative 
ekctticity  froM  the  dectricity  wUt-fa  is  in  the  latent  state;  aud  henee 
thaj  awear  peeilivelj  decuilod,  wkikt  aegative  eleetncitj  appeam  ia 
the  restda*.] 

b.   Wiem  two  pilot  (if  tkgaameMtlal  dip  inlamtlifmid. 

The  two  pieces  c^f  ntetal  being  eoanectc*!  by  a  galraoometer,  a  : 
enrrent  'is  product,  id  tboee  caeee  only  when  «o:iie  diffcrsDce  eid^ts  in 
physical  character  or  in  tbe  sutfmci  of  the  pieces  of  metal,  et  ia  tlie  I 
perature  or  cotnpo^itioo  of  the  tixjaid  in  diffei«at  parts. 

Dtfermi  pkjftical  totutitmtitm  of  tht  piaxt  of  m^hI.— Soft  copper,  troa 
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or  Ktna  111  diltiie  sulphuric  acid  is  negative  towards  tlie  same  metal  bar- 
drned  as  mocli  a.9  possible  by  Iiammering.  Soft  etcelj  on  the  coutraiTj  la 
positivo  toiranls  hard  Bteel,  (Ritcltie.) — Spongy  platinuin  iti  dilute 
Bulptmric  or  nitric  acid  is  negative  tow  arils  platinum  wire.     (De  lu  Rive.) 

JHfermt  twigiiitude  and  STtuxttAncss  of  surface. — If  a  small  piece  oi 
sine  foil,  and  another  piece  twenty-four  times  as  iarge,  are  immersed  in 
cold  dilute  acid,  the  former  is  positive;  but  in  stronger  acid,  eapecially 
wUon  lipiitcd,  t!ie  larger  piece  ia  positive.  (Vliet  &  Haoxmann,  N,  Sr. 
ArtJiiv.  3,  131.) 

If  tke  surface)  of  a  zinc  plate  be  iDcreaaed  twofold  by  cutting  into  it 
willi  a  lile,  tLia  plate  will  bo  atrougly  negative  in  nitric  acid  towards 
another  of  the  Baitie  siae,  but  hiu-ing  a  smooth  surface, — although  tho 
rou^h  plate  will  h&  most  rapidiy  oxidated.     (Ritchie,  N.  Edinb.  J,  o/Hc, 

a,  150.) 

In  water  containing  Knt  a  small  quantity  of  sulpharic  or  nitric  acid,  a 
l*rg^  zinc  pUto  m  negativB  towards  a  enjall  one.  Witlt  a  larger  (juautity 
ot  acid,  ami  particularly  when  tho  liquid  ia  heated,  the  current  govs  toe 
contrary  way.     (Oerstedt.) 

Whether  tho  plates  are  equal  or  unequal  in  size,  they  give,  wten 
vimnUuDCoufily  immersed  in  acidulated  water,  either  a  feeble  eurrcnt 
which  soon  ceases,  or  no  current  at  all.  In  dilute,  as  well  aa  in  luode- 
mtely  etrong  sulphuric  acid,  the  narrower  zinc  plate  ia  almost  always 
oegative, — rarely  positive.  The  current  appears  to  be  produced  only 
when  the  two  ]datetj  are  not  immersed  exactly  at  the  Game  time.  (Wetz- 
lar.) — Walcker  alao  did  not  obtain  any  satisfactory  results  with  plates 
of  different  ahos,  and  having  surfaces  of  different  degrees  of  smoothness. 

{Ctimpare  Zamboui's  piles  with  two  elements.] 

Diffffcnce  in  cleanliness  of  surface. — Copper  covered  with  oxide  is  ne- 
»tivc,  in  solution  of  uitro,  towards  clean  copper.  (Bccnuerol.) — In  dilute 
Jplmrio  acid, — zinc,  tin,  lead,  iron  and  copper,  oxidated  on  the  surface, 
lure  negative  towardts  the  same  metals  with  bright  surfaces.  (Mariauini.) 
—- Zioe,  tiu,  iron,  or  copper,  after  being  heated  in  tho  air  till  it  turiiiahes, 
b  negative  tovvartls  briglit  metal,  ia  acid,  alkaline,  or  saliue  liquids. 
(H.  Davy.) — In  hydrosulphate  of  potash,  copper  covered  with  sulphuret 
i»  negative  towards  clean  copper,  but  positive  towards  the  same  metal 
licikteil  in  the  air  till  it  has  becomo  tvrnishcd.  (H.  Davy.) — ^Tin  which 
li)i»  become  dull  by  immersion  in  nitric  acid,  is  negative  in  solution  of 
potash  towards  cleau  tin. — buteshibit.'s  a  positive  reacliou  aficr  the  latter 
nos  also  become  dull.     (H,  Davy.) 

In  dilute  enJphuric  m;id  or  aulplmto  of  soda,  copper  wirtj,  previously 
imilMnved  in  mdution  of  blue  vitriol,  i.^  negative  towards  ordinary  copper 
wiro<  So  likowiso  is  co])pcr  wire  which  has  been  immersed  in  nitrate  of 
popper,  towartla  ordinary  copper  in  nitric  acid.  In  hydrochloric  acid,  pla- 
tinum wire  covered  with  chloride  of  platinum,  ia  negative  towards  the 
same  wire  iu  its  ordinary  state.  (Walckcr.)  [In  these  osisos,  the  com- 
bination of  the  enveloping  liquid  with  tho  sooond  liij^uid  must  also  bo 
taken  into  consideration.] 

Different  times  of  immimon. — IVhcn  two  equal  pieces  of  the  same 
metal  are  immeraed  in  one  of  the  fol lowing  concentrated  Eoliitiona,  tJte 
piecrjird  hnmerted,  i«,  according  to  Yelin,  positive  or  n(*gativc, — and  pro- 
daces  various  degrees  of  deflection,  as  indicated  by  the  tigna  and  numberB 
in  the  following  table. 
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In  oaotlier  experiiueot  of  Yelin  s,  the  jrlatinam  or  silver  first  ioa> 
mereeii  in  nulitlniric  aeUl,  w^ae  negative,  {Maay  accideiital  circunuitsnoei 
may  have  influenced  tlic  re^ult-^  r>f  the  forct:<>iiig  table:  it  is  remarkoLJe 
that  the  actions  in  pQta«b  and  soda  oftun  exhibit  opposlta  cbaracicrs.  Tho 
negative  reaction  of  the  piece  first  imiuereed  ia  eulpbii.ric  acidb,  bowirer, 
oon»tB.ut.] 

If  twu  piet^fi  i>f  zinc  are  successively  immersed  in  bydrcwlitQrie  *««), 
the  piece  first  imiaersed — ^wfaicb  is  poEitiv&^retaina  tbte  cbat«cter,  «vea^ 
when  both  piecet  are  token  out  and  tben  put  in  agaio  in  the  reverse  otder^M 
(Vfelin.)  ■ 

Of  two  pieces  of  tine,  tin,  iron,  or  copper,  the  ons  Grat  immenied  in 
diliilr  acids,  fLlkatiH,.  ur  tialine  solutions,  is  negative  towards  the  other; 
becinae  ii  film  of  oxide  collect*  npon  it  [J];  in  concentrated  solution  of 
potiuh,  also,  tbe  firtit-imtnersed  piece  of  sine  or  tin  is  negative.  (H.  Uary.)^^ 

The  firit-immorscd  piora  of  xinc  ie  poBilivo  towanbi  the  other  iu  t^M 
niijctnre  of  1  part  of  oil  of  vitriol  und  100  part*  of  wat<?r  (Marianini);  also^* 
iu  a  mixture  of  1  part  oil  of  vitriol,  I  part  nitric  acid,  and  ./O  paTt«  water 
(Ocretedt);  in  oil  of  vitriol,  on  tbe  eontrary,  it  ie  negative  fWetzlar),  but 
tho  current  soon  ceases.  (Buff.) — Sioiilar  relutiooa  are  oxhibited  br  lead. 
—When  plates  of  Einc,  tin,  lead,  or  iron,  are  left  in  oil  of  vitriol  m  con- 
tact with  ]ilatinuui,  till  tbe  currcDt  has  reached  its  niiniraunij—tliey  exhibit 
a  IK' iiative  reaction  towards  a  plate  of  platinum  sub6ec[Uently  put  in  con 
iiettion  with  them.  (Buff.) 

If  a  line  (tin,  or  copper)  plate  he  left  for  some  time  in  water  acidun 
lalcd  with  sulphuric  acid,  another  for  an  eqaa]  time  Iu  solution  of  culU'^ 
luoti  B!iU,  and  both  plates  aubsequently  immersed  in  solution  of  salt,  thftl 
finut  will  be  jfositive  towards  the  second.  (Marianini.)     [Some  acid  nia/J 
rcniaiu  attached  to  tbe  first.] 

The  first  tinmcrwd  zinc  plate  is  positive  towards  tb4  last  io  dilnt 
sulphuric  licid,  negative  in  solution  of  ammonia,  negative  also  in  dituti 
nitric  acid, — tbe  more  strongly  in  proportion  to  the  length  of  time  fo 
wbidi  it  is  immorsed  before  the  other; — and  the  plate  which  was  firat ' 
morsed  in  nitric  acid  [covered  with  oxide,  therefore]  i«  found  to  Im  i 
gntive  towards  the  one  which  was  immersed  last,  when  both  plates  UQ 
ph^1J;re^l  into  dilute  siilphurii/  acid  or  esilt  water.  (Marianini.) 

If  a  piece  c.if  tin  or  iron  be  immersed  in  oil  of  vitriol  for  a  Exhort  tlni^^| 
only,  it  exhibits  a  positive  reaction  towards  a  piece  afterwards  introduc«?d;^B 
hut  if  the  iir.<jt  niece  remains  in  tlic  acid  till  [from  tbe  formation  of  » 
erui^t  tff  Bo]phate|  tho  evolution  of  ga«  c^a^es,  it  is  found  lo  be  uegativf 
towards  a  ])iciM>  snlisecjuently  inimerst<d.  (Buff,) 

Two  wires  of  tin,  lead,  iron,  or  copper,  dipped  at  tbe  eaJliA  timft  iot 
bydrosiilpliate  of  potash,  produce  no  current:  but  the  one  first  immerse 
is  negative;  because  it  becomes  covered  with  lueiallic  aukiburet, — in  conse 
quence  of  wbJch  it  exhibits  a  negative  rcociioo  towards  clean  wiro  ia  othe 
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liquids .«-Ia  tlio  oajge  of  silver  or  palladium,  on  the  contraiy,  the  pieoe  drat 
I  io)raer»oil  is  positive,  beciiiiso  eulpliuTct  of  silvor  (or  sulpUiiret  of  pallur 
i  dianO  is  niore  positive  tliaii  the  pare  metal.   (H.  Diivy.) 

Of  twM  plates  of  letul  or  Iruu  immersed  in  oonc^ntratcd  nitric  acid,  tho 
one  first  immersed  i^  nogsitive  towards  the  otber  (MarisL&ini,) 

Iti  tiitmto  of  silvor^  tL«  first  itumeii^ed  plate  of  iron  is  rery  weakly 
neig&tivc.  (Fechner.) 

Tho  plute  of  bruas  or  copper  ilrst  iinmorsed  in  nitric  acid,  the  plats  of 
copper  first  immersed  in  amnionia,  and  tLo  pia.te  of  platinum  firat  im- 
uaned  in  aqua  regla,  is  positive  tgwarda  the  one  la^t  immorsed,  (Bec- 

In  the  yellow  solution  af  eulphuret  of  potaasiuni,  Srit  one  and  then 
the  other  piece  of  copper  or  eilver  ia  positive  i  and  at  the  moment  of 
ehaogo,  a  illni  of  sulpburet  forma  on  tbc  ono  which  becomes  poaitive, — 
The  electric  states  of  two  pieces  of  fiilver  immersed  in  hydrochloric  acid 
UkewUe  experienL-o  sudden  clmnges.  (Faraday.) 

When  two  plates  of  golil  are  eucoesaiToIy  imniersed  in  uitrio  acid 
containing  a  little  hydrochloric  acid,  the  one  first  immersed  is  negative. 
So  Ukewiso  with  platinum,  exoQptig  limt  the  current  is  stronger.  (If 
then,  gtdd  be  iminorsed  first,  and  platinum  afterwanls,  in  aqua  regla,  tbd 
gold  will  be  tc»s  positive  than  whou  it  ia  immersed  last,)     Marianim. 

Tho  first  immeraed  plate  of  platinum  is  poaitive  towards  the  aeoond 
ID  eulphurio  acid,  hydroclilorio  acid,  nitric  acid,  aqueous  solution  of 
polasJi,  solution  of  cunimun  salt,  spring  water,  or  acetate  of  lead:  on  the 
contrary,  it  is  positive  in  suljihurou^  acid,  dulphate  of  copper,  nitrate  of 
silver,  and  solution  of  liver  of  sulphur,  (Fechner.) 

[Tlie  causes  of  the  electric  current  produced  on  the  suocesaive  immer- 
sinn  of  two  pieces  of  the  same  metal  may  ho  the  following;.  (1,)  The 
I  pi«oe  of  metn!  iirst  immersed  is  h'eod  by  the  action  of  an  acid  from  a  film 
t  of  oxide,  and  thus  rendered  more  positive.  (2.)  Ita  surface  is  roughened,— 
I  and  thorcby,  both  the  action  of  the  acid,  and  possibly  also  the  direct  pas- 
iMige  of  the  ne^tive  electricity  to  tho  uloulro-pusitive  element  of  the  liquid, 
'facUitated.  (3.)  Negative  electncity  accumulates  in  the  piece  first  im- 
I  nerved, — and  thereby  an  eleotric  onrrent  is  excited  in  the  direction,  which 
isakea  it  appear  positive.  (4.)  The  piece  first  immersed  ma^  boooma 
'eoated  with  foreign  sahstanees  (Irtm  and  tin  in  nitric  acid  with  oxide, 
sine  or  lead  in  oil  of  vitriol  with  a  motalllo  eiall,  copper  in  sulphuret  of 
potassium  with  sntphurot  of  copper),  which  weaken  the  action,  and  thua 
rvndor  the  metal  negative,] 
^  Motion. — If  two  pieces  of  tin  iinxnerfled  in  dilute  nitrio  acid  give  no 
H  carr«nt,  or  if  the  one  lost  immersed  ia  positive,  the  other  may  be  moda 
^^AMitive  by  agitating  the  liquid.  With  hydrochloric  aeid  the  action  ia 
^KpJter.  (Faraday.) 

^^^^Kubhirig  one  of  the  pieces  of  metal  always  malcefl  it  positive,  oven 
when  all  rise  of  temperature  is  avoided,  (Walokor.) 

SThe  invtinn  may  free  the  metal  from  adhering  oxide,  or  from  liqtiid 
y  saturated.] 

When  two  platinum  wires  are  immersed  in  a  mixtura  of  1  part  hjrpo* 
I  nitric  acid  and  I  part  water,  and  tho  current  at  first  excited  entirely 
\  «a.«p9  rtffor  a  few  accouds,  either  of  the  wirejj  may  be  rendered  negative 
I  hy  tiilcing  it  out  of  the  liquid  for  a  second  and  dipping  it  in  again. 
(Fars'liiy.)  [The  acid  take:*  up  oxygen  when  exposed  to  the  air;  and  the 
I  current  is  pntbubly  due  to  the  mixture  of  the  acid  thus  altered  with  the 
|XMt  of  tho  liquid,  J 
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Diferfnc*  of  Ump*r<aurf.. — If  au  iron  cylinder  liea.te«l  at  the  loi 
end,  and  also  a  cold  iron  cylinder,  are  immersed  in  water,  the  cold  cylinder  I 
becomes  positive,  (Ritchie.)  I 

ir  two  wires  of  the  same  mota)  are  made  to  dip  into  a  cvirvcd  tuliO  , 
{App.  &),  ia  one  arm  of  which  the  liquid  has  previotuly  been  Uc<iiLo<l,  and 
Doth  are  kept  moving  at  tho  same  rate  (for  othcrwiaa  tli6  saetal  mo«4 1 
quickly  moved  would  always  he  positive;  and  if  both  were  kept  still,  thfl'l 
heated  side  of  the  liquid  would  alone  be  agitated  by  the  boiling),  tW  fol«-| 
lowing  resatts  are  obtained,— according  to  Faraday; 

In  dilute  sulphuric  acid  (1  part  oil  of  vitriol  to  80  parte  water)— 4aa«^  \ 
cadmium,  tisi,  lead,  or  iron,  in  the  hentcd  arm,  \s  strongly  and  unint«r' 
rnptedly  positive;    but  after  some  time,  hot  xinc  aud  copjicr   Ucoamc 
elightly,  and  hot  cadmium  oiore  strongly,  negative.  m 

In  dilute  hydrochluric  acid  (1  ineasure  of  acid  to  2£)  of  water),  ho^H 
xiDC,  cadmium,  tin,  lead,  or  iron,  is  strongly  positive. 

In  dilate  nitric  acid  (1  measure  of  acid  to  50  of  water),  hoi  iron  it 
still  morf  etrongly  positive  than  in  dilute  sulphurie  acid;  hot  zinc,  cop- 
per, and  silver  are  very  feebly  positive,  and  only  at  the  first  inetaat. 
H<'it  cadmium  is  at  first  eJlfrhtly  negative,  afterwards  slightly  pOi$itivfl^« 
then  almost  neutral,  H'ith  leaa,  DO  current  is  produced  at  first; 
quently,  the  hot  piece  heeoinee  negative,  and  remains  so. 

In  concentrated  nitric  a«id,  hot  iron  (which  at  the  same  time 
an  evolution  of  gas;  Gm.)  is  pnsiltive;  both  ends  become  paesive. 

In  solution  of  potash,— hot  zinc,  cadmium,  tin,  iron,  or  copper,  ia 
atronjLdy  and  unint«rruptedly  positive:  a  quantity  of  protoxide  is  gradaally 
formed  on  the  iron,  diffuses  itself  through  the  liquid,  and  paase«  ta  the 
Btat'C  of  peroxide.  Hot  lead  likewise  api^ears  positive,  but  with  a  Eoddea 
Bt.irt,  as  if  it  were  negative  at  the  first  moment  of  immersion. 

In  aulphuret  of  potasaium,  coneentrated  or  diluted,  hot  iron,  copper, 
or  silver,  is  positive.  A  film  of  sulphuret  forms  chiefly  on  the  hot  metiU, 
uiid  thus  diminisbeG  the  action.  Zinc  and  cadmium  give  no  cunvnt  at 
first;  afterwardaj  the  hot  piece  becomes  strongly  negative.  Hot  lead  and 
tin  arc  slightly  negative. 

With  some  exceptions — due,  perhaps,  to  pore  chemical  action — the 
hotter  metul  m  positive,  because  the  strongest  action  ia  exerted  ujwn  it. 

Metals  which  are  not  acte*l  upon  by  a  liquiil,  produce — when  immersed 
in  a  portion  of  that  li([uid  unequally  heated — either  no  currents  or  ver 
feeble  one*, — ^probably  of  a  thermo-electric  nature  for  the  most  part.     N< 
currents  are  produced  by  gold,  pUtinum,   or  silver,  in   dilute  siilphnrio] 
acid,  or  by  platrnuni  in  dilute  hydrochloric  acid.     In  strong  hydrochloHo 
icid,  hot  platinum  is  very  feebly  negative.     In  dilute  nitric  acid,  platinum 
gives  DO  current,  pallatlium  ami  gold  scarcely  any.     In  yeUow  concen-, 
trated  nitric  acid,  hot  platinum  is  negative,   producing  a  deflection  of  2'j 
in  the  orange-coloured  acid,  it  ia  aho  negative,  the  deflection  being  10* 
In  strong  solution  of  potash, — hot  silver,  gold,  and  platinum  are  eliglitl] 
positive.     In  solution  of  sulphuret  of  {lotaasium,  hot  platinum  is  negativej 
palladium  gives  oo  current,  (Faraday.) 

3.  Tu>o  MeUnh  ttiuching  one  anotAer  tPtiA  two  Liquids  tottching  on* 

anot/ter. 

In  these  experiments,  the  apparatus  (App.  2,  3,  4,  5,  6,  7.)  deacrib 
(p.  32{i)  arc  used.     One  of  the  metals  with  one  of  the  liquids  maybe 
enclosed  in  a  bl.idder  or  a  vesstd  of  ungJazed  earthenware^  and  this  im- 
mersed in  tbe  other  liquid  containing  tli«  other  metaL 


sed 

irioV 

trio  ■ 
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a.  The  two  Liquldi  are  of  the  *«»«  Natun,  lul  of  diftrtni  dtffrtts  of 

Concentratimu 

Faraday's  Experiments :  Sulphuric  acid.  Cadmium,  in  oil  of  Titriol 
or  dilute  8iil|ihuric  acid,  is  poaitlvo  towards  tin  fttid  iron  in  the  samo  acid, 

\  dilute  ot  toncentrated.  Tio  also  ie  in  both  caacs  positive  towards  iron ; 
iron  towards  copper  aad  silver,  Jind  copper  towards  silver,  but  in  different 
degrees.  Iron  filBo,  wlien  iinraeracd  in  weak  acid,  is  much  more  strongly 
poflitive  towards  silver  immersed  in  oil  of  vitriol,  than  iron  tn  strong,  lo- 
wnrds  HJlver  in  weak  a4.-id.  On  the  other  hand,  zinc,  tin,  and  It^ad  are 
most  strongly  positiTe  towards  silver,  when  they  are  immersed  in  oil  of 
ritriaK 

A^itfic  acid,  Zinc  in  strong  acid  is  slightly  positive  towards  copper 
or  silrer  in  weak  acid ;  zinc  in  weak  acid  is  highly  positive  towards  oaJ- 
roium,  tin,  iron,  copper,  or  silver  in  alrong  acid.  So  UkewiBe  cadmium 
iti  weak  acid  is  strongly  positive  towards  tin,  lead,  iron,  copper,  and 
silver,  and  modemtoly  towards  ^sinc.  Tin  in  dilute  acid  is  poaitivo 
towards  zinc,  lead,  iron,  copper,  and  silver, — and  neutral,  or  feebly  positive, 
towards  cadmimn.  Lead  in  dilute  acid  is  positive  towards  zinc,  cadmium, 
tin,  iron,  copper,  »nd  silver, -^Iron  in  weak  acid  is  positive  towarda  zinc, 
cadmium,  tin,  lead,  copper,  and  silver. — Copper  in  weak  acid  is  ])ositive 
towards  tin,  lead,  iron,  and  silver,  and  slightly  bo  towards  cadmium. — 
Silver  in  dilute  acid  is  positive  towards  load,  iron,  and  copper,  and  feebly 
podtive  towards  zinc  and  cadmium.  [The  concentrated  acid  renders  the 
otherwise  positive  metidfj  negative,  by  covering  them  with  a  film  of  oxide 
or  nitrate.] 

SoltUifjn  of  potash.  Zinc  is  positive  towards  cadmium,  tin,  and  lead, 
whether  it  be  immorsod  in  ttio  strong  or  in  the  weak  soltjtion :  so  likewise 
tin  w  poaitivo  towards  eadniinm,  and  cadmiuru  towards  lead, — but  most 
Stronely  when  the  cadmium  ia  placoil  in  the  etrongor  solution. 

The  strong  electric  currents  here  spoken  of  do  not  arise  from  the  con- 
tact of  the  two  litpiids :  for  when  a  couple  of  platinum  wires  ar«  immersed, 

'  the  corrent  is  scarcely  perceptible.  (Faraday.) 

h.    Ths  two  Liquids  are  of  different  Naturet. 

7%e  liquid  which  tmichea  the  negative  metal  m  an  alkali. — When  ziuo 
iaiphused  in  dilute  acid,  and  platinum  in  strong  solution  of  potash,  the 
lino  becomes  positive — hut  much  less  strongly  than  when  the  zinc  is  placed 
in  the  potash  and  the  platinum  in  the  acid. — Tin  introduced  into  this 
circuit  in  place  of  platinum  becomes  positive  even  towards  the  zinc.  (H. 
Davy,  Faraday.)  Similarly,  lead  hecoraes  poaitivo  towards  tin  when 
the  former  is  immersed  in  potash,  the  latter  in  dilute  sulphuric  acid;  the 
metal  in  the  acid  remaiDS  bright,  that  in  the  potash  ie  attacked,  (Fam^ 
day.) 

Zinc  in  solation  of  nitre,  and  platinum  in  solution  of  potash,  produce 
a  itrong  cnrrcnt,  capable  of  decojnposing  iodide  of  potassium,  chloride  of 
tin,  and  sulphate  of  soda.  (Faraday.)  [The  oxide  of  zinc,  om  it  forms, 
takes  up  the  potash  of  the  nitre;  and  the  nitric  acid  is  rarried  by  tranepo- 
ntiou  to  the  free  pota'ah.] 

T/i^  fiipiid  in  fftiitact  n-iih   the  vijattve   metal  w  sea^tnater. — If  the 

p  f,  (App,  2)  contains  sca-watcr  and  copper,  while  a  contains  sea-water 

and  irou,  the  cujw  being  conncctL-d  by  a  bundle  of  threads,  and  potash 
gradoally  added  to  the  sea-water  in  a^  the  following  effects  are  ot- 
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mrved :  When  a  small  quantity  of  putasb  is  present,  ft  UttJo  of  the  iron 
cIiBsoWo*.  and  the  mpper  is  completely  prntocteJ  ;  when  the  cjaantity  of 
ptitSLsli  becomes  greator,  neither  iron  nor  popfwr  iu  dieeolved;  and  with  & 
atili  greater  quantity  uf  potash,  the  «opp«r  b&oomea  positiTe  a^  du«alines, 
the  iron  clae«  not.  (H.  Davy.) 

The  liquid  in  conlaci  with  the  negatim  metal  w  diluU  acid. — Vf\m 
sine  in  placed  in  aqueoitv  eotuttoa  of  poU^h,  and  copper  in  dilute  aejil,  t 
Tery  itrong  current  ia  produced,  (H.  Davy,  Berielius,  Walcker.)  A 
feebler  current  la  excited  wlkon  a  neutral  compound  of  the  acid  and  alk&li 
ia  ifiterjiosfld  between  the  zinc  und  copper,  and  the  feeblott  of  all  >rhcn 
(ha  amuigsinaai  ii — cino,  acid,  alkali,  copper,  Tiiis  amuigetneni  of  cub- 
vtuieea  always  arises  in  the  courm;  of  tbe  action  df  a  galvanic  circuit;  and 
oonaaqnently  the  current  is  conatantly  diminishing.  fBerxeliiis.) — When 
lino  ia  imnierscd  in  water, — a.Dd  lead,  iron,  cnpper,  or  Draw,  in  diiut«  ral> 
phnric  acid, — the  zinc  is  positire. — So  likewise,  lead  imnier8e<l  in  water  is 
positiTO  towards  iron,  copper,  or  brass,  in  dilute  sulphuric  acid.  Never- 
tlielcM,  the  metals  immersed  in  the  acid  are  always  the  most  etroogly 
attacked. — If  sine  ie  immersed  in  dilute  sulphuric  acid  (1  oil  of  vitriol  to 
0  writer),  and  platinum  in  water,— or  the  contrary,^ — ^the  sine  is  almji 
positive,  and  produeea  the  same  doflectiou, — altnougb  it  is  much  mote 
strongly  attacked  in  the  acid  than  in  lb©  water.  Similarly,  fine  is  poii- 
tive  towards  silver,  and  gives  the  same  deflection,  whether  the  lino  it 
immersed  in  water  and  the  silver  iu  dilute  nitric  acid,  or  the  cnntnUT, 
The  same  takes  place  with  zinc  mid  iron,  or  graphite.  (Marinnini.)  [Tuo 
fooble  current  which  zinc  produces  iu  water  easily  brings  altoat  a  tninsfKH 
sitioii  of  atoms  in  the  acid  li{{uid^  the  strong  current  which  zinc  might 
exoito  when  immersed  iu  dilute  acid,  is  for  the  most  part  arrested  in  wiUer, 
' — and  the  violent  action  between  the  zine  and  acid  becomes  in  great  put 
purely  cbeniical.] 

Zinc  in  a  solution  of  potash  or  chloride  of  calcium  (Berselins),  or  Jft 
pure  water  (De  la  Rive),  is  positive  towards  copper  in  nitric  acid,  akhfni;,'li 
tJio  latter  i«  the  most  ettougly  attacked,  Ab  Igng  as  the  «iic  iuiiuersod 
in  potash  or  cliloride  of  caleinm  iii  not  connected  with  the  ofipper,  a  briak 
effervescence  takes  place  on  the  surface  of  the  latter,  the  zinc  reuiaioing; 
clean.  But  when  the  circuit  is  coniipleted,  the  dnc  immediately  beeomefl 
tarnished;  the  evoluttun  of  gus  at  the  surface  of  the  cupper  ceases;  »ad  th6 
copper  previously  dissolved  ia  precipitated  on  it.  buch,  at  lea£t,  is  the 
cose  when  aeveral  pairs  of  the^e  metnis  are  united  together.  (BerseUiu^ 
De  la  Rire.)  [The  greater  affinity  of  xinc  for  oxygon  ^ivee  riae — as  the 
(inc  is  connected  with  the  coppcl' — to  a  transposilton  of  atoms  in  the  two 
liquids:  the  oxygen  and  acid  go  to  the  zinc;  the  alkali  and  hydrogen, 
together  with  copper  pre\'iouflly  dissolved,  to  the  copper.] 

When  bard  and  soft  copnor  arc  immersed  iu  water,  the  former  is  jorf- 
-  tire  fp.  38.5J;  but  if  a  little  sulphuric,  nitric,  or  hydrochloric  ada  be 
introduced  mto  the  water  containing  the  hard  copper,  the  deflection 
Immediately  increases :  on  the  other  hand,  the  addition  of  a  little  hypo- 
nitric  add  causes  it  to  diminish;  and  when  a  larger  quantity  is  aHded,  the  fl 
current  ia  reversed.  (Ritchie.)  ™ 

Thf  liquid  in  contact  with  (he  ncffativf  mrtal  it  oil  of  tn'triot.  When 
zinc  is  immeriied  iu  eoncontrated  nitric  acid,  and  copper  in  oil  of  vitriol 
{App.  4),  the  copper  is  strongly  positive;  i.  e.,  (according  to  De  la  Rive) 
positive  electricity  goes  from  the  zinc  through  the  galvanometer  to  the 
copper, — which  circumstance  is  attributed  by  Do  la  Biveto  the  difficnlly 
waioh  tbe  positive  eleclt'wjviy  6B.ia  la  ^sing  from  the  oil  of  vitriol  to  the 
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nwtid.     Acoortlisg  to  Mttrinnml,  on  tho  contraiy,  the  zinc  is  etrongly 
poattiTfl. 

The  liquid  in  eotUaet  with  tht  nt^ativi  metal  i$  itrong  Bttric  acid.-— 
2inc  boitig  immereeJ  in.  oil  of  Titriolj  ami  eopper  in  Btrong  nitric  nciA, 
(App.  4)  tbe  KJiic  is  positivp,  tdough  iLe  copper  is  iiioet  slrongly  attacked. 
The  carrtMit  in  however  m»t  so  strong  m  when  the  einc  is  placed  in  nitric 
aoiti  nn^l  tho  copper  in  oil  uf  vitriol:  (see  alwve).     De  la  Kivp. 

If  tiH  outer  TesBel  cunlttiue  strong  nitric  acitl^-or  ji  inixture  of  equal 
part«  of  strong  nitric  acid  and  oil  of  vitriol,  which  works  e({uallv  well, — 
and  if  in  (his  liquid  there  is  iRimerRcd  a  plate  of  pla-ttniini,  anil  a  vessel 
of  porous  etirrthenwaro  containiDg  an  amftJganiR ted  zinc  pinto  and  filled 
with  oTio  of  Ihe  following  liyuida — which  are  ctiutneratea  in  the  invurfe 
order  t>f  the  etrength  of  their  action  {dilnto  liydrofluoricacid,  liydroclilorio 
•cid,  oulphurio  acid,  phosphoric  acid,  pulution  of  imtash^whinh  liowevet 
stops  up  the  porca  of  the  eartboii  voa«el  with  oryBtalliRod  nitmte  of  potsiah 
— Bodii,  common  salt,  oitro,  cldomte  of  potash,  iodide  of  potussiuiii,  spring 
Wftt*^r,  ruin  water,  distilled  wafer), — a  very  powerful  electric  current  Is 
priHtuced.  The  dilute  hydroeldoric  acid  conaiats  of  1  ptirl  of  concen- 
trated acid  and  from  2  to  2^  parta  of  wiiteri  the  dilute  stdphtiric  acid,  of 
1  i)art  oil  of  vitriol  and  from  4  to  5  piirts  water.  When  the  circuit  is 
closed,  the  nitric  acid  turns,  first  yellow,  then  green,  then  blue, — aftcrwarda 
becuiiteM  colourlesfaand  evolves  nitrio  oxide — and  finally,  iiydrogcti  giia  at 
the  surface  of  the  pliitinuni  ptate.  The  dissolved  zinc  remains  alinoRt 
wholly  outside  tho  vessel  containing  tho  nitric  acid.  When  the  cirtjuit 
ID  kepi  elosed  for  a  lung  time,  the  lifpiids  become  very  hoi.  The  nitric 
acid  niust  be  Highly  coacentrated,  and  renewed  as  soon  as  hydrogen  gas 
Dikkoe  if«  appearance  at  thn  platinum  surface. — When  zioo  is  iu  contact 
only  with  dilute  ralphnrici  acid  and  platiaum,  it  has  to  overcome  the 
great  affinity  of  oxy-^en  for  hydrogen;  but  when  nitric  acid  is  present, 
the  hydrogen  separated  from  the  water  is  carried  over  by  trauspoditioti 
to  the  nitric  acid — couibines  with  part  of  tho  oxygen  of  that  Eubstaneo — . 
and  lil)erttt*«  nitric  r»xide.  Hence,  in  this  case,  the  combination  of  the 
xiuc  with  tho  oxygen  of  the  water  is  opposed  only  by  the  much  emaUot 
affinity  of  nitric  oxide  for  oxygen, —  and  consequcistly  the  polution  of  tha 
^c  goes  on  tnucL  more  quickly,  and  the  electric  current  is  proportionately 
•tronger.  (Grove.)  [If  the  nitric  acid  were  in  imracdiata  Contact  witn 
tho  fine,  the  greater  [lart  of  the  negative  electricity  would  be  lost,  in 
eonse<|uence  of  the  purely  chemical  action  thereby  produced;  with  amal- 
gamated riuc  ia  dilute  sulphuric  acid,  on  tho  contrary,  no  purely  chcmicHl 
action  takes  place,  tho  action  being  entirely  clectro-chcniicnl,  (p.  34'J)]. 

If  the  outer  ve«ael  contains  an  amalgnnuited  zinc  plate  immersed  iu  di- 
late sulphttric  acid,  and  a  tube  ofgypnuni  dipping  into  It  \s  filled  with  nitric 
•cid  of  rs  ep.  gr.  with  a  piece  of  iron  imnierHcd  in  it,  a  current  id  pro- 
duced strong  enough  to  decompose  water.  But  n«  ?oon  a«,  in  the  courso 
of  the  experiment,  the  nitric  acid  has  attained  a  certain  detfree  of  dilution, 
tho  pft*Bive  iron  dissolve*  with  violent  efferveacencc.  The  wire  outsido 
tho  acid  suffers  still  more  from  the  nitrous  vapours;  heuco  it  must  ba 
Mated  with  wax.  If  iron  instead  of  zinc  is  immersed  iu  tho  dilute  sul- 
phuric acid,  the  action  is  tho  earae,  but  continues  for  a  Bhorter  time;  and 
the  paf^ive  iron  in  the  nitric  neid  dissolves  nmre  quickly,  Tlie  addition 
of  nitrate  of  mercury  to  the  nitric  acid  retards  the  solution  nt  the  iron  in 
the  ■  '•  ipid  for  a  fiomewhat  longer  time;  but  this  salt  crystallines  in 
til.  1  tubo  and  cracks  it.  (Hawkiue,  rkU.  Mag.  J.  16^  115.— 

Qntri?  Appaiatns,  Pogff.  51,  3^1.) 
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WLen  tint}  is  placed  in  »  mixttiTe  of  1  ftut  ell  of  vitriol  and  6 

water,  and  pUtiniiimn  modemtaly  slroug  nitric  acid, — the  circuit  pro 
an  electro-maguctixation  of  iron,  a  liundred  linaee  a«  strong  as  tliat  prodaoeil 
by  a  line  and  copper  pair  of  tbc  same  sixe,  simplj  immoreed  ia  dituto  nh 
plmric  acid.  The  itctioo  gradually  increikaee  as  tno  miIj>liurio  acid  W-coaica 
eatumted  with  zinc,  and  is  remarkablj  increaived  W  the  use  of  a  solaiion 
of  sulphate  of  sine  in  jdaco  of  dilute  sulphuric  acid.  [As  the  xiac  ixJkm 
oxygen  and  acid  from  the  luljaccnt  at^ms  of  sulphate  of  sine,  llva  tine- 
atom  t>ct  free  by  trampasition  at  the  end  of  tlio  series,  lilcewiw  takw 
oxjrgCQ  and  acid  from  tbe<  nitric  acid;  an  indirect  action  of  nitric  acid 
upon  lino  is  therefore  brought  about  by  the  sulphate  of  tine.]  The  activo 
of  the  circuit  remains  perfectly  uniform  for  three  hours;  no  gas  U  eroired 
on  the  zinc,  and  scarcely  any  on  the  platinam, — because  the  nitric  oxido 
remains  digsolved  in  the  nitric  acid  and  colours  it  green.  A  «impU 
circuit  of  this  kind  decomposes  water  feebly  j  a  combination  of  two  saeb 
circuits,  rapidly.  (Pfaff.) 

Solution  of  common  salt  in  place  of  eulphuiic  acid  is  particolsHy 
cfiectivQ  tn  this  apparatus.  If  weaker  nitric  acid,  of  sp.  gr.  1*10,  be  ased 
in  connection  with  dilute  sulphuric  acid^  a  largequautity  of  giu  ia  evolved 
from  the  uitricaddj — and  then  the  current  is  much  weaker,  (Popgeudorff.) 

If  a  compact  carbonaceous  maes  be  formed  by  strongly  igniting  » 
mixture  of  pounded  coal  and  coke — a.  cell  formed  out  of  it^  and  fiUed  with 
qunrtx-E&nd  and  strong  nitric  acid — and  (he  whole  placed  in  a  TesBel 
containing  dilute  sulphuric  acid,  and  a  plate  of  ulnc  4  inches  long  and 
3  inches  wide, — bright  sparks  are  emitted  on  closing  the  circuit;  fino 
platinum  wire  becomes  red  hot;  iron  wire.  No.  8,  burns;  and  hydrochloric 
acid,  iodide  of  potassium,  lead,  and  silver  salts,  are  deoorripo^ed  by  the 
carrent.  (Bunsen,  Ann,  Pharm.  38,  311.)  [The  nitric  acid  which  ooees 
through  the  poios  of  the  coko  perhaps  also  fornix  a  film  on  tlie  outbids 
of  it.] 

A  circuit  of  copj>er,  dilate  sulphuric  acid,  nitric  acid,  and  platinum, 
proiluces  a  current  ucarly  half  ai?  strong  as  that  which  is  excited  when 
line  is  used  instead  of  copper.  (Poggcudorff,  Peffff.  54,  3;>8.) 

If  the  bowl  of  a  commoo  tobacco-pipe  bo  filled  with  nitric  acid,  aud 
placed  Id  a  vessel  contaiuing  hydrochloric  acid,  a  couple  of  gold  leave* 
aimpij  immersed  in  the  latter  will  not  be  dissolved:  but  on  connecting 
one  of  thoni  with  a  platinum  wire,  the  other  end  of  which  dips  into  the 
nitric  acid,  the  cjold  leaf  thus  attnched  will  dissolve,  while  the  other  will 
not.  (Grove.)  [The  gold  leaf  attache«l  to  the  platinum  takes  chlorine 
from  the  hydrocnloric  acid,  the  hydrogen  of  that  compound  passiug  over 
by  galvanic  tninsposition  to  the  oxygen  of  the  nitric  acid.] 

The  JifgcUivi  metal  it  tn  WTttact  with  arteniom  acid  or  arteniatt  </ 
p0tath. — Tube  a  {App.  7)  containing  solution  of  arsenious  acid  with  a 
copper  wire  immeraed  in  it,  and  the  veesel  b  containing  solution  of  saU 
ammoniac  with  zinc — a  black  film  of  arsenic  makes  its  appearance  in  the 
course  of  five  hours  on  the  surface  of  the  copper,  and  afterwards  aGsamei 
a  steel'grey  colour  and  metallic  luatre — the  change  commencing  from  a 
single  point,  and  gradually  extending  over  the  whole  surface.  When 
hydrochloric  acid  ia  mixed  with  the  arsenious  acid,  the  copper  becomes 
covered  at  the  surface  of  contact  of  the  litjuid  aud  the  air,  wrrh  white 
mct.illic   arsenic.     If  the  solution    of   arornious  acid  oont!  ■  iill 

qiniiitity  of  nitric  acid,  a  depu/Tt  of  white  motallio  fgtBBJBif  I'  -     '>- 

cipaily  on  the  part  of  the  coj         ■        ':  tif  '  a  lnjuivl — tho 

stsenic  being  perhaps  carried  >  u  amuun* 
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retUKl  hjtlrogoa  and  thea  preotpitatec)  on  the  wire,  (Simon,  i^.  Fr.  22, 
1.  14.) 

Wheii  the  tube  a  {App,  7)  contains  solution  of  arseniate  of  potash 
villi  a  platinaiu  wire  immersed  in  it,  and  tlie  TCBsel  6  contains  solution 
oi-ATneaiQ  with  a  pieceof  zitic, — only  0'3I  of  the  arsenic  present  iBdepusited 
on  tbo  platiuntu,  and  oii  tho  bladder;  tlio  rest  volatilizes  in  the  form  of 
•rseniurettotl  hydrogen.  (Buchner,  Jiep^rt.  21,  14.) 

The  Uqtiid  in  contact  with  the  negative  nulal  it  the  solution  of  <t 
keavy  mrt^lie  salt, — The  circuit  composed  of  zinc,  dilate  eulphnric  acid, 
tnlpLate  of  copper,  and  metallic  copper,  (or  platinum),  produces,  as  shown 
by  Daniell,  a  very  powerful  current,  which,^ — when  the  weakening  of  the 
tolotion  of  eulphate  of  copper  occasioned  by  the  deposition  of  metallic 
eopper  on  the  platinum  or  copper  plate  ia  made  up  by  the  addition  of 
fresh  sulphate  of  copper — is  likewtso  of  constant  strength,  [The  zinc 
takes  Hp  oxygen  from  the  water, — the  hydrogen  of  which,  being  carried 
by  transposition  to  the  oxide  of  copper,  takes  up  the  oxygen  of  that 
Gurupound^ — whilst  copper  ia  deposited  on  the  negative  metal.     Conse* 

Ineotly,  the  zinc  has  no  longer  to  overcome  tho  Wronger  affinity  of  hy- 
rogen  for  oxygen,  but  only  the  much  weaker  affinity  of  copper  lor 
oxygen:  the  solution  of  tho  zinc  is  thtu  accelerated,  and  the  cnrreut 
thereby  increased.  If  the  zinc  were  placed  in  the  solution  of  sulphate 
of  copper  08  well  as  the  platinum,  it  would  become  covered  with  copper, 
in  consequence  of  pure  chemical  action  taking  place  at  the  same  tinio, — 
»nd  this  deposition  of  copper  would  give  rise  to  local  electro-chemical 
action,  by  which  the  current  would  be  greatly  weakened.] 

This  circuit,  liowcver,  does  not  yield  nearly  so  much  electricity  as 
that  in  which  strong  nitric  acid  is  used  (p.  391)  [because  the  affinity  of 
oopp<!r  for  oxygen  is  greater  than  that  of  nitric  oxide  for  that  clement]. 
Will)  tho  «anie  extent  ef  metallic  surface,  tho  circuit  composed  of  xino, 
dilute  sulphuric  a«id,  concentrated  nitric  acid,  and  platinum, — yields  in 
a  given  time  seventeen  tiniea  as  much  electricity  as  zinc,  dilate  sul- 
phuric twid,  sulphate  of  copper,  copper.  (Jacobi.)— A  solution  of  chlo- 
ride of  jilutiniim  in  water  likewise  pives  a  current,  tho  quantity  of  which 
is  only  two-thirds  of  that  of  the  nitric  acid  circuit.     (Poggendorff.) 

Vvh*in  the  circuit  cff  zinc,  sulphuric  acid,  sulphate  of  copper,  and  copper, 
ia  closed,  the  quantity  of  zinc  dissolved  in  a.  given  time  ia  (en  times  as 
great  Dfi  when  it  is  hrokon.  (Matteucci.) — If  an  amalgamated  zinc  plate 
in  a  circuit  of  this  kind  lose  6  grains  in  half  a  second  when  the  surface  of 
the  copper  plntc  is  of  tho  same  size  as  that  of  the  line, — then,  when  the 
copper  surface  is  twice  as  great,  the  loss  of  weight  will  be  7  gr. — -with 
4  times  the  surface  of  copper,  9  gr. — with  R  times  the  surface,  13'3  gr. — 
with  16  times  tho  surface,  11"5  gr. — and  with  20  times  the  surface,  lOgr. 
Henco,  the  at-tion  is  most  energetic  when  the  surface  of  the  copper  amounts 
to  a  limes  tliat  of  tho  zinc,  (Dinks.) 

Zinc^  solution  of  sal -ammoniac,  solution  of  sulphate  of  copper,  and  copper, 
likewise  gives  a  very  strong  and  constant  current.  (Mullins.) — JaeobCt 
Chamber  Battery:  A  wide,  shallow,  cylindrical  copper  vessel  contains 
mlution  of  sulphate  of  copper,  which  is  continually  kept  nearly  saturated 
by  meMia  of  crystals  of  the  salt  contained  in  a  sieve  at  the  side.  In  this 
^mMel  ia  immersed  a  somewhat  narrower  wooden  hoop  tied  with  Idaddcr 

^^■iicrncath,  filled  with  dilute  solution  of  aaUammoniac,  and  containing  a 

^BHonnd  piece  of  zinc. 

■  If  solution  of  nitrate  of  silver  be  carefully  poured  on  the  top  of  a 

■  xAutioD  of  nitrato  of  copper,  and  a  copper  rod  dipped  only  into  the 
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former,  a  siker  tre«  ia  ai  first  produced; — but,  as  0OOD  ns  thi«  tree  hu 
groTTQ  dowTiwEW-ds  as  far  na  tlie  copper  solotion,  metallic  copper  la  depo- 

aitod  upon  it.  (OruttliUBS.) 

If  a  tuVw  tied  otcf  with  liladder  {App,  7)  contains  acet4it«  of  lead 
witli  platinain  tiipping  into  it,  and  the  outer  roseel  4  liydrocLloric  iwsid 
(or  »ul])hate  of  (soda, — //.  /iose)  with  sm«,  ft  lend  tree  is  formod  ott  the 
platinum.     If  n  contain*  nitrate  of  sUver  instead  of  acetate  of  jpad,  tbo 
plntinum  becomes  covered  with  silver.  (Singer.) — When  aolution  of  com-j 
toon  salt  is  used  in  place  of  hydrochloric  acid,  the  deposition  of  silrer  on! 
tbe  platinum  likewise  takes  plaoe — according  to  H.  Rose;  but,  actionliug 
to  Pfaff,  the  precipitation  of  ailver  docs  not  take  place  till  a  little  hydro- J 
chloric  acid  has  been  added  to  the  common  ealt,  whcti  it  commeut^sj 
enddonly  and  rapiiUy  increases.     After  the  precipitation  of  the  silver, ' 
carbonsito  of  soda  collecta  in  a,  in  the  course  of  three  weeks, — and  tbe 
Burfaco  of  the  bladder  which  dtpa  into  b  bociinjes  covered  with  a  thick j 
crust  v(  chlurido  of  litver.     If  the  Eino  and  platinum  are  oot  connected,! 
no  reduction  of  silver  or  precipitation  of  chloride  of  silver  takes  plac«^J 
even  in  a  fortnight.  (Pfaff.) — If  a  contnins  nitrate  of  silver  with  grapbil'eih| 
6  Bolntion  of  common  salt  with  silver  free  froni  copper,  silver  is  deposited^ 
oil  the  graphite  in  brilliant  lainitiir;  hot  the  action  soon  ceases,  (PfafT.)— 
[Silver  haa  greater  affinity  for  chlorine  than  for  oxygen;  the  silver  wire 
therefore  takes  chlorine  from  the  chloride  of  sodium,  separatee  ailrer  by 
transposition  from  the  nitrate  of  silver,  and  depoaita  it  on  the  graphite. 
The  action  ceases  ae  soon  aa  the  ailver  becoraea  covered  with  rhloride.l 

If  the  arm  a  of  the  U-tubo  {App.  4)  contains  dilutu  sulphuric  acid 
Trith  zinc,  anrl  the  ami  b  nitrate  of  zinc  with  copper,  line  is  deposited  on 
the  copper.  (Ohm.)     [I  obtained  no  reduction  of  iine.]  1 

When  zinc  is  placed  in  a  ^atumted  solution  of  sulphate  of  zinc,  and] 
copper  in  a  saturated  solution  of  nitrnte  of  copper,  a  somewhat  strongepJ 
current  is  produced  than  when  both  niotab  are  immersed  in  dilute  acid.) 
The  deflection  of  the  needle  is  not  increased  by  the  mldition  of  nitric  acii] 
to  tbo  nitrate  of  copper.  If  both  vesaels  contain  solution  of  sulphate  oil 
zinc  or  dilute  sulphario  acid,  the  deflection  h  greatly  inerea«od  by  thn 
addition  of  a  little  nitric  acid  or  nitrate  of  copper  to  the  liq^uid  into  whicM 
the  copper  dips;  whereas,  nitric  acid  added  to  the  lii^uid  containing  thsT 
Eino  diuiinishee  the  dcHection,   (Beerjuerel.) 

If  the  tubes  a  b  {App.  8)  are  stopped  at  the  bottom  with  clay,- 
containing  hydrosulphato  of  potaali  (which  has  been  ex)>osed  to  the  air) 
with  antimony  immersed  in  it,  and  6  nitrate  of  copper  with  copper,  and 
both  being  immerBcd  in  a  conducting  watery  liquid, — then,  when  the  two 
metala  are  connected,  the  copper  becomes  coated  with  precipitated  copper; 
whilst  on  the  antimony,  and  on  the  side*  of  the  tulies,  there  u  depostted, 
— first  a  brown-rod  powder,  thon  red  octohedrono  and  tamintp  (which  1 
Becquerel  considers  to  be  kennea-niinoral). — If  tin  be  substitntod  for  au- 
timony — small,  white,  metallic-ahiaing  cubes  of  sniphuret  of  tin  aredepo- 
fiited  upon  it. — With  iron,  when  the  acc«8S  of  air  to  the  tuba  a  is  com- 

fdetely  shut  off,  yellow  cubes  of  iron  pyrites  are  eometime^  obtained. 
Becqnercl.) 

The  vessel  b  (App.  7)  always  containing  eoJutton  of  sal-ammoniac  with 
zinc,— and  the  tube  a,  which  \s  tied  over  at  the  bottom,  containing  a  copper 
wire  with  a  heavy  metallic  solution, — tlie  following  results  are  obtained, dif- 
fcriog  according  to  the  nature  of  the  liquid. — Dilute  nitrate  of  bismuth  r 
After  two  hours,  a  blju-k  film  on  the  copper,  increaaing  and  becoming  floc- 
~^hnt — iSaiphatej  nitrate,  or  acetate  of  moj  A  little  hydrogen  is  evolved 


TWO  METALS  AND  TWO  LIQUms. 


395 


Zn  thp  eopp«r,  but  no  tine  is  depoBitedl. — ProtocLloride  of  tin  diBsolved  in 
hoi;  After  some  honra — tin,  in  granuW  mid  neeiUe-aluiperlpartfdes,  13 
dopoaitod  on  tlie  copper. — Dilute  soiution  of  acetate  of  lead;  A  lead  tree 
on  tho  copper,  after  a  whort  time. — Solution  of  one  part  of  greon  vitriol  in 
8  parts  of  waten  Hydrogen  gae  is  evolved  on  the  copper,  which  in  n  fow 
houn<,  bpcomee  corered  with  a  grepn  doposit.  This  dppoBit  increasGa  coD' 
•ideraWy  in  h.  few  day?,  and  ie  found  to  consist  of  threo  layers,  the  outer- 
mo«t  being  hydrated  protoxide  of  iron — the  socond,  protoxide  (black 
oxide?), — and  the  innermost,  metallic  iron. — Aceiat«  of  copper:  The  di»- 
w>tv«il  popper  is  deposited  in  the  crystalline  fomi  on  tho  copper  wire,— 
Solution  of  one  part  of  protoohloride  of  mercury  in  24  parts  of  water; 
Tho  popper  suddenly  becomea  covered,  first  with  a  whJto  film  of  calomel, 
tbon  with  a  grey  film  of  mercury;  nn  the  following  day,  black  vegetations 
of  iuboxide  of  inercnry  make  tlieir  appearance. — Solution  of  one  part  of 
oitrato  of  filrer  in  8  parta  of  water:  A  shining  silver  tree  immediately 
appoara  on  the  copper;  on  the  bladder  is  deposited  a  considerable  quantity 
of  oxide  of  silver,  together  with  black  peroxide.— Solution  of  one  part  of 
chloride  of  ;^ld  in  30  parts  of  water;  A  Idack  deposit  immediately  ap- 
pe&TS  on  the  copper,  .won  becoming  brownish  and  flocciilcivt,  and  rapidlj 
IBfiUMeltig. ■^Chloride  of  plntinuni:  The  copper  becomes  covered  in  tho 
eonrse  of  two  hours  with  brilliant  wbito  platinum,  from  which  lamiuio 
Bubsequently  separate.  (Simon.) 

Tube  «  {■i^pp-  7)3  containing  dilnto  snlphnrio  *cid  with  zinc,  and  res- 
Mil  6  a  uietallic  salt,  together  with  a  piece  of  easily  fusiMo  metal, — aeetate 
of  lew!  yields  grey  crystals  of  Ica<l,  which  grow  from  the  piece  of  alloy  to 
the  height  of  three  inehra,- — extending  to  the  bladder,  and  covering  it  with 
A  network  of  lead.  Nitrate  of  silver  behaves  iu  a  similar  maimer,  the 
crystals  of  silver  continuing  to  grow  till  they  come  in  contact  with  tho 
tine.  (Solly,  Phil.  Mar).  J.  16,  312.) 

A  tube  tied  over  with  a  bladder  contains  dilute  aicid,  with  a  piece  of 
Etnc  in  contact  with  the  bladder^  and  is  immersed  in  a  metallic  solution; 
— the  line  is  deposited  on  tho  metal,  at  iirst.  by  purely  chemical  action; 
but  the  action  in  afterwardu  propagated  eleetricnfly  tlirough  the  bladder,^ — 
and  thus  the  same  circuit  of  two  metals  and  two  liquids  is  produced. •>— 
In  Uie  same  manner,  according  to  Wach,  very  solid  metallic  vegetations 
are  formed;  e.  ff. — with  chloride  of  antimony:  a  solid  mass,  with  indivi- 
dual projections; — with  dilute  add  solution  of  nitrate  of  bismuth :  solid 
hemispherical  masses; — with  acid  solution  of  protochloride  of  tin:  tin- 
white  slender  raraiticatioiifl; — with  solution  of  one  part  of  chloride  of  plati- 
num in  8  parts  water:  solid,  acute,  steel-grey  vegetations.  If  tho  tubo 
contains  mercury  iuatead  of  itinc — ami  tho  outer  vessel,  nitrate  of  silver, — 
silver-anuilgam  is  obtained  in  rhumboidal  dodecahedrons,  often  doubted 
into  six-sided  prisms.   (Wach.) 

LikewiBO,  when  a  tube,  sealed  at  the  bottom,  but  having  n  crack  in  it^ 
and  containing  solution  of  sal-ammoniac  with  zino,  is  immcraed  in  a  solu- 
tion of  Bulphate  of  copper,  containing  a  piece  of  metallic  copper, — copper 
la  reduced  on  the  latter,  though  very  slowly. 

Wlicn  xinc  ur  iron  is  placed  iu  immediate  contact  with  solution  of 
copper,  ihat  metal  is  precipitated  iu  a  loose  pulveTnlcnt  form.  If  the  zinc 
©r  iniii  i«  Hurrounded  with  a  piece  of  blatlder,  the  precipitate  is  still  loose; 
Ktli  two  iriyer.s  of  bladder,  it  is  more  solid;  and  with  three  layers,  very 
ftlid,  knobby,  and  branching.  [Tlie  copier  first  precipitated  on  the  xino 
extends  iUclf  by  electric  action  through  the  layers  of  bladder  into  tt© 
eoppcr  solution;  and  thus  an  arrangement  is  formed,  coneistiDg  of  two 
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metal'  and  two  liqniJe,  tbe  solution  of  copjwr,  and  the  mftistnre  of  the 
bliidder,]  In  a  similai-  manner,  solid  copper  ia  obtained  when — the  tube  a 
(App.  7)  being  filled  with  water — apiece  of  iron  is  placed  ia  iljUicoiUMt 
with  the  bladder  tied  over  its  lower  enJ,  and  the  lube  b  immersed  in  ft 
eolutiyn  of  sulphate  of  copper.  In  the  coureo  of  two  LovirSj  copper  b^u 
to  collect  on  the  outside  of  the  bladder;  and  in  about  a  fortnight,  a  cake  of 
mcUl  ia  formed,  with  email  square  face**  or  roundish  protnbonuiccfl,  of  spe- 
cific gravity  S*965j  and  posse«ied  of  almost  perfect  malleabilitjr.  With 
siuCj  tufitca<l  of  iron,  long  ramificatioua  arc  obtained  io  tbe  coarse  of  & 
jD()[,t]u — A  zinc  wire  dipping  into  a,  and  a  copper  wire  into  b — the  latter, 
when  deeply  immersed,  becomes  coated  with  Bhining,  crystalline,  w*rtyi 
and  knobby  copper.     Red  and  yellowish  red  octobedrona  of  copper  are  alao 

f produced, — tbe  latter  being  formed  when  the  copper  solution  oontaiiui  no 
ree  acid,  and  containing  an  admixture  of  zinc.  Wlien  tbe  copper  wir9 
dips  in  bat  a.  little  way,  it  becomes  cnvered  with  IOO0O  ranilficationt. 
Again,  if  the  tube  a  be  clotted  with  elder-pith,  very  thin  corkj  or  very  thin 
elate,  instead  of  bladder, — aolid  capper  ia  deposited  on  tbe  outer  surface  of 
tbe  dJapbragniBj  much  more  slowly,  however,  wlien  either  of  the  two 
latter  is  used.  (Wach.) 

Silver,  gold,  and  p  latin  am  may  likewise  bo  obtained  in  tbe  eoUd  state 
by  Wach's  method ;  silver,  best  by  iinc,  — ^gold,  and  platinum  by  iron.  Sil- 
ver separates  either  iu  ramifieatione  or  in  eoUd  plates;  gold  and  platiuoAt 
in  warty  concretions.  (Gobel,  Schw.  SO,  414.) 

If  tho  tube  tied  over  with  bkdder  doe«  not  contain  any  liqnid,  but 
only  a  piece  of  linc,— then,  on  immeraiug  it  in  a  solution  of  cadmium,  grey 
moss-like  cadmium  is  deposited  on  the  bkdder;  in  protochlorido  of  tin, 
rectangular  needles,  an  inch  lung,  lu-e  formed;  in  solution  of  acetate  of 
lead,  a  continuous  plate  composed  of  four-sided  tables;  in  ealpbate  of 
Oop{>er,  solid,  malleable,  warty  copper;  in  nitrate  of  silver,  cubical  and 
naoaa^aped  eilver;  in  cbloride  of  gold,  a  non-crystalline  dim: — all  these 
depoeits  are  formed  on  the  outside  of  the  bladder. ^-^lu  solution  of  arsenioiu 
acid  in  hydrocblaric  acid,  arsenic  ia  deposited,  not  on  the  bladder,  bat  an 
tbe  inner  sidc^  of  tbe  tube;  in  protocbloride  of  iron,  no  reduction  takes 
place. — If  tbo  tube  contains  mercury  instead  of  zinc,  and  is  immorsod  in 
a  sidntion  of  nitrate  of  silver,  elongated  rhombic  dodecahedrons  ore 
formed.  In  all  these  casea,  tbe  outer  liquid  rises  by  eudoamose  into  tbe 
tube,  because  the  sine  solution  which  is  foiming  continualjy  increaees  io 
strength.  (Eisner,  /.  pr.  Chaa.  22,  339.) 


TtSQ  Afetah  and  three  Liquidt, 

The  two  metals  connected  together  dip  into  two  liquids,  wkich  ai© 
united  through  the  medium  of  a  third.  For  this  purpose,  App,  2  m»y  bo 
used,  when  the  wire  or  siphon  A  contains  the  third  liquid,^ — ^PP'  **,  when 
the  third  liquid,  being  the  heaviest,  can  be  made  to  occupy  the  lower  part 
of  the  U-tube, — App.  7,  when  the  tubo  a  is  stopped  at  the  bottom  with 
clay,  and  this  is  saturated  with  the  third  liquid, — App^  8,  in  which  tbe 
two  tubes  a,  b,  closed  at  the  bottom  with  bladder  or  with  clay,  dip  into 
tbe  liquid  in  the  vessel  c.  la  many  cases,  tbo  third  liqnid  playa  no  par- 
ticular part,  but  merely  serves  as  a  medium  through  which  the  transpo- 
sition of  atoms  may  be  continued  from  the  first  to  tbo  second  liquid,  or 
vic€  vtr$ii.  We  abtill  here  notice  only  those  cases  in  which  one  or  more 
of  the  elements  of  tbo  intervening  liquid  give  rifle  to  the  formation  of 
outiar  products  In  tho  first  or  second  liquid,  ^  .'.'.  ^  i.J 
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Wb^H  (He  tube  (App,  7)  ie  stopped  wilh  clay  saLuratcrl  witli  eolutian 
of  nitre,  nnd  contains  alcobol  and  a  leaden  wire,  wLilst  a  copper  wire 
^conneeted  with  the  latter  dips  into  a  BoUtioii  of  blue  vitriol  in  the  vessel  b, — 
copper  h  reduced  on  the  copper  wire,  and  the  load  becomes  covered  with 
nitnitc  of  lead:  because  the  sulpliuric  a^-id  of  the  bluo  vitriol  libcratej} 
nitrio  acid  from  the  nitre  in  the  clay;  and  thiti  iiitrtc  acid,  together  vith 
o:tjgenj  goea  over  to  the  lead.  (Becrjuerel.) 

tf  th@  cup  a  (App,  2)  contains  an  alcoholic  solution  of  eulpho-carburet 
of  potassium,  cup  b  solotion  of  sulphate  of  copper — the  two  cups  heing 
eoniiecteJ  by  a  bent  tube  filled  with  solution  of  nitre,  and  lead  bemg  im- 
mersed in  a,  and  copper  in  h — reduced  copper  is  deposited  on  the  lutter; 
whilst  nitric  acid  ie  transferred  towards  the  lead, — and,  by  it^  oxidating' 
nctiuit  on  the  Botpho-carburct  of  potassinnij  caaaea  bicarbonate  of  poLoah 
and  neeiUe-shaped  carljonste  of  lead,  together  with  rhombic  octfihedroua 
of  eulphnr,  to  be  deposited  in  the  cup  a  and  on  the  teful.  (Boequerel.) 

4.  One  Afeial  and  two  Liquids.    Buchuhlan  Circuit, 

When  the  same  metal,  either  in  one  piece  or  in  two  pieces  metal- 
lically conuectetJ,  is  immersed  in  two  different  liqotda  wbieh  touch  one 
another,  either  immediately  or  throngh  the  medium  of  a  porous  connecting 
body,  the  part  of  the  metal  situated  in  one  of  the  litjuidfl  often  takes  up 
one  or  more  of  the  electro-negative  elements  of  thla  liquid; — and,  at  the 
came  time,  one  or  more  of  the  elcctro-positivs  elements  of  the  other  liquid 
is  dep»eited  on  tho  part  of  the  metal  therein  imraoraed.  In  this  case  also 
an  electric  current  is  produced,  positive  electricity  going  from  the  latter 
part  of  the  metal  directly  to  the  former,  or — what  comes  to  the  same 
thing — from  the  former,  through  the  liquid,  to  tho  latter.  In  short,  that 
part  of  the  metal  which  combines  with  the  electro-negatire  elements  of 
the  liquid,  is,  according  to  the  usual  mode  of  oxprcssiou,  positive  towarda 
the  other. 

This  case  is  therefore  different  from  that  already  described  (p.  32,9.... 
33U),  in  which  the  metal  dipping  into  two  liquirls  suffers  no  chemical 
alteration,  but  merely  serves  to  reunite  the  two  electricities  which  have 
been  separated  by  tho  combination  of  the  two  liquids. 

[A  metal  may  be  inclinetl  to  take  electro-negative  elements  from  one 
liquid  rather  than  from  another;  t,g,  it  is  more  inclined  to  oxidate  in  an 
acid  or  an  alkaline  liquid — in  which  the  predisposing  affinity  of  the  acid 
Of  alkali  for  the  metallic  oxide  cornea  into  play — than  in  a  neutral  solu- 
tion. As  soon  as  rt  does  this,  negative  electricity  is  set  free  in  it, — passes 
into  tho  part  of  the  niotal  situated  in  the  other  liquid, — and  thence  to  the 
electro-positive  clement  of  that  liquid  which  has  been  set  free  at  that 
▼cry  place  by  tran.spoaition  of  atoms  (p.  342,/).  The  difleront  tendcncieei 
of  tho  several  liquids  that  may  act  on  the  metal  to  produce  purely  che- 
mical or  clectra-chcmical  action,  niuat,  however,  be  taken  into  account. 
The  electric  cnrrent,  which  results  from  the  combination  of  the  two 
liqnidti'^and  is  fur  the  most  part  in  the  opposite  direction' — is  so  small  la 
quantity,  that  it  need  not  be  taken  into  coosi deration,  except  in  a  few 
caees.] 

In  these  eiLperiments,  tho  two  liquids  arc  either  carefully  disposed  in 
a  Teasel  one  above  the  other  (which  was  Bncholz'fi  arrangement),  and  a 
metallic  rod  introduce)!  in  such  a  manner  aa  to  dip  into  both  of  thom; — • 
or  Apparatus  2,  3,  4,  5,  fi,  7,  or  8,  is  made  use  of,  by  dipping  into  the 
two  liquids  either  tU«  two  ends  of  a  simple  metallic  ate,  or  else — in  order 
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to  obiervo  tli©  current— 4wo  pieoea  of  tho  Muna  metal  connected  by  tlie 
galvauoniotor. 

Aeid  (ind  i«i/<;r.  If  h  pile  be  constnicted  in  the  following  ot<d«r: 
Psut^-board  saturated  witli  water — zinc  (or  tin,  or  charcoal) — ^paete-boanl  * 
Baturaled  with  nitric  acid — paste-buard  saturated  with  water — «inc,  &o, 
4c,,. — positive  electricity  goes  from  the  fir«t  piece  of  pa^to-boaxd  saturated 
with  water,  tbrongb  the  galvanometer,  to  the  last  piece  saturated  with  nitrio 
acid. — lu  a  pile  oompoaed  in  a  similar  marmer  of  water,  one  metal  (tho 
bo«t  is  lead,  copper,  or  silvor),  and  sulphuretted  hydrogen  water,  thfl 
current  takes  the  opposite  direction.     {H.  Davy-) 

If  both  division*  {App,  3)  oontaii]  water,  no  current  is  prodaoed  on 
tho  iniinersion  of  ziuc,  irou,  or  copper;  hut  on  adding  to  the  water  in  one 
of  tho  divieions,  a  emsM  qiiB.ntity  of  sulphuric,  hydrochloric,  or  nitric  acid, 
the  motal  di]tping  into  it  becomes  positive  (t.  «.,  poaitiro  electricity  goes 
from  the  Tuetul  immersed  in  the  water,  tltrou^h  the  gatvanometer,  to  that 
whiel)  is  immersed  in  the  acid).  Hyponitric  acid  gives  a  contrary  result. 
(Ritchie,  N,  Ed.  J.  nf  ifc.  2,  150.)' — If  cup  d  i-^PP'  2)  contains  water, 
cop  S  nitric  acid,  the  eiphou  /*  solution  of  coimnon  s;»It,  and  copper  is 
iRimaiead  in  both  cupy,  the  copper  in  tho  nitric  acid  is  positive.  (Bocquerel.) 
[Tlieso  reealta,  obtained  by  Ritchie  and  Bccquerei,  are  opposed  to  that 
of  Davy,  as  far  na  regntdB  the  nitric  acid:  difference  of  concentration  may 
p«rLtap»  account  for  the  discnjp.inoy.  With  respect  to  Davys  reeuit,  tl^ 
obticrvalion  iu  pago  34  4,  t.  6,  must  be  taken  into  oonsidoration. 

TfiJ"  sanif  acid  of  di/frmt  dfgrtt$  of  eonctnt ration.  When  the  arm  a  of 
the  U-ttibe  {App,  4)  oontaino  oonccntiuted,  and  b  dilute  nitric  acid,  tin  im- 
moreeii  in  tbo  dilute  acid  is  positive  towards  the  same  metal  in  the  strong 
aoid.  (Faraday,)^ — The  arm  o  {App.  4)  containing' a  mixture  of  49  parUof 
oil  of  vitriol  and  9  of  water,  and  h  containing  water — which,  by  agitation  of 
tho  surfiiee  of  contact,  boa  taken  up  a  t^mall  quantity  of  acid  and  been  snb- 
sei|uently  cooled, — iron  appears  strongly,  and  copper  feebly  poattive  in  iho 
acidulated  water;  tin  and  lead,  on  the  cunirary,  are  jiositjve  in  the  Hlronger 
aoid;  sine,  cadmium,  and  silver,  give  no  current,  (Faraday.) — The  saiim 
arrangement  lieing  maile  with  highly  concentrated  hj'drochlorie  acid  and 
water, — zinc,  oadmium,  tin,  lead,  copper,  and  silver,  are  poaitivo  in  thd 
acidulated  water, — iron,  first  negative,  then  permanently  positive,  (Fa* 
wd^.) 

Zino,  caduiiam,  tin,  lead,  copper,  or  silver,  immersed  In  dilute  aci<l, 
{App.  4},  is  etron^ly  fioBitiTC  towarda  the  same  metal  immerflod  in  <ooia- 
c«ntmti>d  acid.  With  silver,  however,  tho  direction  ia  variable: — tho 
ouiTOut  ia  often  suddenly  reversed,  and  then  again  reaumee  ita  former 
direction.     (Faraday.) 

Let  1  be  oil  of  vitriolj  -t,  a  mixture  of  1  measure  of  oil  of  vitriol  with 
3  measures  of  water;  Jj,  a  mixture  of  1  measure  of  oil  of  vitriol  with  20 
measure*  of  water:  tin  in  1  is  positive  towa-rda  tin  iu  ^  or  ^l^ J  ^^*^  tin  in 
\  \i  positive  towards  tin  in  ^L.. — Lead  or  copper  iu  ^  is  positive  towards 
load  iu  1  or  j'^, — Iron  in  I  ia  negative  towards  iron  in  ^  or  ^,  and  iron, 
iu  \  id  negative  towards  iron  in  ^.     (Faraday.) 

Let  1  be  conceatrated  nitric  acid;  |,  a  mixture  of  I  meaFum  of  tho 
«ame  with  1  measure  of  water;  |,  with  3  measures  of  water;  -j'-j-,  with  20 
nicMnres  of  water:  lead  in  \  U  positive  towards  lead  in  1  or  ^,  and  lead 
iu  I  is  poaitivo  towards  lead  in  I. — Copper  in  \  ia  positive  towards  cop- 
per in  1  or  TfV;  copper  in  ^  is  positive  towaids  copper  iu  I,  and  negatlvo 
towards  copper  in  ^.     (Faraday.) 

I^if^rcHt  acida.    One  arm  of  tha  b«nt  tube  (App,  &)  oontalolng  oil  «t 
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'•tliA  other,  ooDCQtitmtoil  nitric  ncidt — the  lino  in  tlio  former  is  poat- 
ITve,  tiat  boconie«  negative  after  tlia  oirouit  liaa  beeti  closed  for  itomo 
tiuio.  [lu  CDn»equQoce  of  bein^  ooated  with  eulpbatfi  uf  zincn — Iron, 
copper,  imil  ailvor  are  likuwiso  positive  iu  oil  of  vitriol,  nof^Live  m  nitric 
■oiJ,— irtjn  tlio  moit  strongly,  silver  the  leaat.  Nevertheless,  jtiuc,  copper, 
•lid  silver  ue  moat  strongly  attacked  iu  nitric  acid.  Althougli,  tUcrcfnre, 
Uie  ^reateat  ijuantity  of  olectrieity  must  be  set  free  in  that  part  of  tbo 
eiruuii,  it|beconie8  directly  neutralized  at  the  surfaC'e  of  tho  metiu, — because 
tU*  jMittsago  of  poiitivo  electricity  from  tbo  oil  of  vitriol  to  tbe  otber  pieoa 
of  uetal  ii  attended  with  difliintUy.  (Do  la  Rive.)  [Nitric  acid  has  a 
peculiar  iuclinatioD  for  pure  chemiciij  action  (p.  344,  i,  6).)] 

Alkali  and  wain:  If  a  pile  be  oon(itruct«il  in  tbe  fulluwiog  order: 
Paetoboard  ^tturnted  with  water — cdiarcual — p:utc-buard  aatoratod  with 
fiwlutiou  of  soda,  &e.  &c.,  positive  electricity  goea  from  the  last  piece  of 
pute-board  aaturuLcd  with  sodn,  through  the  galvanometer,  to  tbo  firat 
W#00  saturated  with  water.  Similarly,  if  we  arrange  ono  above  tbo  othor: 
Paito-b^jard  saturated  with  water — ainu — pasteboard  saturated  with  water 
and  epriukled  on  the  aide  touching  the  preoeding  sine  with  hydrate  of 
potaiili — lino,  <tc.  Sic.     (H.  Davy.) 

Alkali  of  differtnt  dtgrtts  of  eoncentratimi.  Zinc,  cadmium,  tin,  and 
leul,  are  strongly — copper  modarately — and  iron  slightly  positive  in  con- 
oeutratod  alkali,  tawardd  th«  eamo  metals  in  dilute  alkali,  (H.  Uavyr 
Famday.) 

rotath  and  h}/dro«tdpkurst  of  potaanum.  Zino  in  potash  is  positive 
towards  zluc  iu  bydrosulphuret  of  potasaium.  Silver  and  palladium  are 
IMgatiTD,  copper  almost  neutral.     (H.  Davy.) 

Acid  and  allxili.  Ziaa,  tin,  lead,  or  capper,  in  stron^o:  solution  of 
potwh  i'^pP'  3)>  >»  positive  towarda  the  eamo  metal  in  dilute  gulphnrio 
Acidi  In  this  aetian,  the  lead,  tin,  or  amalgatunted  xinc,  in  the  Hulptiuric 
acid,  even  becomes  covered  with  bubbloa  of  hydrogen  gas — proceeding,  not 
from  the  purely  chemical  action  of  the  acid,  but  from  the  electro-chemical 
action  of  the  putaiih, — their  evolution  oeasing  when  the  circuit  is  clti^od. 
(Faraday,)  With  potawb  on  the  one  side,  and  sulphuric,  nitric,  or  hydro* 
ohlortc  acid  on  the  other,  ainc  is  more  strongly,  iron  and  copjier  lesa 
strongly  positive,  in  potash.  With  dilute  sulphuric  acid,  the  current  ia 
Bt^oDx^^r  tlmn  with  the  same  acid  coucentratod,     (Grove.) 

Water  and  toluium  <^'  eomraon  eali.  Copper  in  solution  of  common 
salt  is  i>ojiitive  towanla  copper  iu  water.     (H.  Davy.) 

Acidtttnd  Moride  nfealoinm.  Zinc  and  copper  in  solution  of  chloride 
of  catoium  (Ajrp.  H)  are  positive  towards  tbe  same  metals  in  dilute  nitrio 
acid.     (Dc  la  Rive.) 

lieavif  fnetallic  mitt  and  ttfoltr.  If  pure  water  be  carefully  poured 
upon  a  riolution  of  chloride  of  zinc,  and  a  eine  rod  immorseu  in  both 
liquids,  line  is  deposited  on  its  lower  end.  If  water  be  placed  upon  a 
«oncentta1.ed  tolution  of  protochluridc  of  tin  contaiuing'  a  little  free  acid, 
mnd  a  rod  of  tin  be  introduced,  a  {lortion  of  tin  i>j  dissolved  from  it  in  ths 
lower  lif[uid, — while  ory«italline  tin  in  deposited  upon  it  at  tbe  .■sttrfaco  of 
cniilju'.t  fff  the  tin  solution  and  tbe  water.  (Buchol*.)  But  if  the  tin-aolu- 
tioD  lines  not  conluib  frco  acid,  a  portion  of  tin  dissolves  at  tbe  surface  uf 
fiuntuot  of  the  aolution  and  the  water,  while  tin  i«  rodufod  on  the  lower  part 
of  tho  rod  (Biti^er,  A.  GM.  1,  427.)  A  Icadon  rod  similarly  immersed  in 
walor  and  «olution  of  nitrato  of  lend,  becomes  corrodud  alwvo  and  covered 
with  raducwl  lead  btdow,  A  similur  cffucl  in  pruducfd,  when  a  satumt«dj 
filutiou  of  nitrato  of  copper  is  placed  at  tho  bottom  of  a  tube,  watei 
il,  oad  a  copper  cod  immersed  in  both, — tha  aotieu  being  parttoa* 
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lariy  strong  ^ben  a  small  quantitj  of  nitric  acid  ia  atliecl  to  tho  vral«r. 
(If  the  iratcF  by  clmace  remaina  uotuixedj  no  arCtioa  »  apparent;  bot  if  k 
cuntaius  a.  little  nitrate  of  copper,  the  uction  eonunenoes  inunediaidy. 
6'm.)  In  alt  these  cases,  and  tbosv  jet  to  be  das^ribed^ — as  recorded  ^jr 
BtiL'holi — ^tlie  mct&iiic  rod  is  fotuid  to  remain  unaltered  for  a  small  spa^ 
between  the  fiaJt  at  which  it  becomes  corrchled  and  thai  at  wbicb  i«dneed 
metal  is  deposited  upon  it.  (Bucholz,  A,  Gehl.  3,  8'24  and  424;  I/,  9M. 
5,  127.)  A  rod  of  ailrer^  dipping  into  water  sad  solution  of  nitrate  of 
wiver,  becomes  eorroded  and  acquires  a  brown  colour  in  the  water — .whiUt 
silver  is  precipitated  on  tbe  lower  part,  which  is  immcr^  in  the  silver 
sotntion,  [Gi-ottJtiu.)  If  two  pieces  of  xinc,  iron,  or  mangaoeee  ara  iu- 
mi^ree^i  in  water  and  the  aqueoas  solution  of  the  corresponding  anlpbat^ 
the  piece  immersed  in  this  eolation  becomes  positive  and  oxidJMS. 
(Beconerel.) 

Heavy  metailit  taltt  and  acid*.  Dilute  nitric  acid  being  placed  on  b_ 
ootution  of  nitrate  of  lead,  or  dilute  aoetio  acid  upon  acotate  of  lead, 
immersed  leaden  rod  becomes  eorrudod  above  and  coated  witb  metailii 
lead  below.  A  similar  effect  is  prodaceil  uptm  a  copper  rod  immeraeii  i| 
dilute  nitric  acid  unJ  nitrate  of  copper,  or  Jiiolo  sulphuric  acid  and  su 

fthate  of  copper.  So  likewise  with  a  silver  rod  in  water  containing  k'9 
ittle  nitric  acid  and  a  neutral  soliitioti  of  nitrate  of  eilver.  In  all  thorn 
cases,  the  metal  corrode:^  in  the  acid,  and  becomes  ooated  with  rediicifd 
metal  iu  the  metallic  solution.  (Bucbok.)  In  a  conoentmted  solution  of 
sDlpliate  of  copper  oorered  with  dilute  nitric  acid,  a  copper  rod  booamet 
coated  with  small  metallic  ocloliedrong,     (Eisner.) 

H^avy  melaUic  salts  and  ammwiia.  The  lower  stratum  oonsUting  of 
sulphate  of  copper  dissolved  iu  water  acidulated  with  sulphuric  a»d,  tbe 
upper  of  ammonia, — ^a  copper  wire  immersed  for  twelve  hours  in  titem 
liquids  becomes  corroded  in  the  copper  solution,  and  covered  witli  ciratell 
of  copper  in  the  ammonia.     (Beraelins,  Lekrbuch.) 

Hfavy  metallic  salU  and  sulpAtiret  cf  carbon.      If  aqueooa  solution  of 
nitrate  of  copper  be  placed  above  eulpburet  of  carbon  in  a  i^\aea  tube  sealed 
at  the  bottom,  and  a  plate  of  copper  immersenl  in  these liquide,  crystals] 
of  suboxide  of  copper  form  on  its  upper  part;  and  carbon  (sulpUurotori 
cop[)er?  Gm.)  is  deposited  on  the  tube  in  tkiu  laminm,  posse^in^  the 
metallic  lustre. 

Heav^  tneudlic  talii  and  allaline  sabs.     Cap  a  {App.  2)  containing 
common  salt,  and  cup  £  sulphate  of  xinc,^ — zinc  immersed  in  the  laticr  ia 
positive:  so  likcwiw,  iron  dipping  into  common  gait  and  protosulphate  of  j 
iron. — But  copper  in  nitrate  of  copper  is  negative  towards  copper  in  oom-  f 
mon  salt; — similarly,  with  lead  in  nitrate  of  lead  and  common  salt  [with 
nitric  acid  and  beavy    metallic  nitrates  there  is   a  peculiar  tendency 
to  pure  chemical  action! — The    U-tute   (J pp.    4)    containing  aslwstos 
at   A,   solution  of  cliloride  of  barium  at  a,  and  solutiou  of  chloride  of  ^ 
lead    at    It,   and  the    ends    of  an   arc   of    lead   dipping   luto   the   two 
arms  of  the  tube, — shining,  silky  crystals  are   formed   on  the    lead  in 
a  [which  is   therefore  positive]; — these  crystals  appear  to  be  a  com- 
bination  of  cblorido  of  Icatl    witb   chloride  of  barium. — If  the  arm  a 
contains  solution  of  common  salt  with  crystals  of  the  same — the  ana  ft, 
solution  of  sulphate  of  copjMsr  witb  oxide  of  copper, — and  the  ends  of*| 
copper  wire  dip  into  the  two  arms, — copjier  is  dff>osited  on  the  end  im- 
mersed in  tbc  blue  vitriol,  which  is  negative.    Thesiiliihuric  acid  tbcreby 
libcratefl  dissolves  the  oxide  of  copper, —       ■    ■  r  in  the  salt  solu- 

tion, which  becomes  alkaliue   fbocanse  il  idd  doea  not  pan 

over,  and  the  oxygen  of  the  oxide  of  coppt-r  cviubiutta  with  the  sodium  of 
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tbe  common  salt  aod  sends  chlorine  to  the  copper],  coTcra  iteelf  with  octo» 
hedrotis — which  appear  to  be  a  coinbinatiou  of  siiBchloride  of  copper  with 
chloride  of  sodiniu,  and  j^ive  up  the  latter  to  the  wat^r: — tbey  are  at  firat 
traospAreDtandcolourleiisi  but  ivhcTi  llic  oxpcrimcutlaststwo  orthrcK'tnontha, 
tliey  become  Bret  violet  and  afterwards  emerald  green,  remaining  however 
tnesp&rent.  [Protochloride  of  copper  +  chloride  of  sodiumf] — When  sal- 
Mnmoniac  is  used  in  this  experiment  instead  of  cominoB  suit,  and  the  air 
is  kept  from  the  arm  a,  octohcdrons  with  truncateil  edges  and  summits, — at 
fiwt  rolonricsfi,  bnt  afterwards  apquirinp  an  amethyst  tint^ — are  deposited 
on  tite  copper  in  the  sal-fimmoniac,  and  somctimos  six-eided  priaiuH  upon 
these.  Both  these  roTiipnunds  are  decomposed  by  water,  which  extraiita 
the  sal-ammuniiu:.  Nitrate  of  copper  behavej)  with  common  salt  and  faX- 
ammoniac  just  liko  sulphate  of  copper.  Chloride  of  pota!!siuin  or  chlo- 
ride of  bariiini  substituted  for  common  salt,  depoaita  on  the  copper  similar 
compounds  of  chloride  of  copper  with  chloride  of  potassiom  or  cliloride  of 
faluium  in  tetrahedrone.  Silver  immcrEcd  tn  nitrate  of  silver  and  aqucoua 
Bolntion  cf  eal-ammoniar,  chloride  of  potaBBlum,  chloride  of  Eodium,  or 
chloride  of  bariimi,  covers  itself  in  liko  manner,  in  the  last  mentioned 
solutions,  with  octohedral  or  totrahcdral  combinations  of  chloride  o(  silver 
with  theee  metallic  chlorides.  Tin  dipping  in  the  same  manner  into  com- 
mon salt  and  enlphate  of  copper,  covers  Itself  in  tbe  former  with  needles 
of  chloride  of  tin  and  Eodium — and  lead,  with  tetrahedrons  of  chloride  of 
lead  and  ciudium.     (Becquorcl.) 

If  solution  of  eal-ammoniac  or  common  salt  be  poured  upon  pulverized 
oxide  of  li;ad  in  a  tubo  sealed  at  the  bottom,  and  a  rod  of  lead  immersed 
BO  a«  to  touch  the  oxide,  reduced  lead  is  deposited  upon  it.  When  tsofu- 
tion  of  sil-ammouiac  is  placed  above  peroxide  of  lend,  an  immersed  leaden 
rod  becomes  covered  with  needles,  from  which  water  extracts  8al-animo< 
biac, — probably  therefore  chloride  of  lead  and  ammonium.  j^In  tbe  first 
place,  oxide  of  lead  dissolves  at  the  lower  part  in  Eal-ammouiac  or  com- 
mon Bait:  two  liquids  are  thus  formed;  the  former  yields  chlorine  to  the 
IcsmI;  the  latter  deposits  reduced  lead,  if  protoxide  of  lead  bus  been 
iiued — or  when  peroxide  of  lead  is  employed,  extracts  oxygen  from  it  ] — 
I  In  like  manner,  a  copper  rod  dippijig  into  oxide  of  copper  and  solution  of 
■al^aniinoniac — access  of  air  being  prevented — becomes  covered  with  lar^e 
cry«tal.%  consisting  of  a  combination  of  subcbloride  of  copper  with  ^- 
•anDoniac—colourlesa  at  first,  afterwards  aequiriug  a  yellow  tint,  and  dif- 
Itnag  in  form  from  those  previouBly  mentioned  (p.  400).     (Becqucrel.) 

If  the  tube  stopped  at  the  bottom  with  clay  {A  pp.  8),  contains  eoln- 
,  tion  of  iodide  of  potassium — the  tulie  b  eohition  of  nitrate  of  lead — the  ves- 
ImI  e  any  conducting  watery  liquid — and  the  ends  of  an  are  of  lead  dipping 
|-iatoaand6, — white  silky  needles  of  iodide  of  lead  and  potaitsinm  are 
at«d  upon  the  lead  in  a,  gradually  decomposing,  and  changing  into 
•drons  of  iodide  of  lead.^lf  a  contains  iodide  of  potassium  or  sodium, 
and  b  sulphate  of  copper,  metallic  copper  is  deposite*!  on  the  lead  in  b; 
aod  on  the  lead  in  a,  long  eilky  needlea  of  iodide  of  lead  and  potassium, 
or  iodide  of  lead  and  wdium,'from  which  water  extracts  iodido  of  potas- 
sium nr  sodium. — Copper  treated  in  the  same  manner  gives,  at  first,  white 
needles  of  iodido  of  copper  and  potassium,  then — after  their  decompoei- 
tion^HUCtwhedrons  of  iodide  of  copper.  (Beciiuerob) 

Tiibo  a  {A pp.  8),  containing  hydrosulplmret  of  potassium,  which 
•bnuld  be  Mlightly  decomposed  hy  exposure  Ut  tbe  air,  and  tube  b  contain- 
ipg  nitrate  of  copjicr,  eiilphnret  of  copper  and  potassium  is  at  first  depo- 
ippcr  in  a  in  fine  silky  ueedleu ;  these,  however,  are  gradually 


roL.  I. 


3   D 


rTnoTT. 


tka  alvcr  »  9  bMODM 
ihlfmmu  of  «lfku«t 

n»  «dU  «  aMff^  vtt  ^bTu^^X  Wn  iBad  ^A  •  MlMkM  «i 

•  WMT^App^Bte  A»  litdfc,  Mffs  ■  mAmsI  OB  tke  omM  w 
1^  Mi  UaA  gp>B  «%TB«a4MB  «f  Mitoali  af  «offM- aad  mdftwa 
4iyMiirf  ^aa^     If  Biy^  A»   iiiliwlii  •(  airfa  in  •  b«  wplaiwJ  br 

CM*  •car  £■  A*  MlpM**  af  offar  dniafMH  ^  tlMTe-iMnticRiod 
*aiii  «yi»l>«i^i^rfiih,i*i>irt»yjiMliBf,pmlypttlTOt>lait, 

wmKt  Mik.    Cap  ■  (Jn>-  SV  «Mit*iai«g  nl*l 
■ittrti  (if  fliMV,  wfBir  »  «  ii  fmUdra  tawadbi] 

I»|iff  B»H"  (»poitiaa«rvUefc4iMlni» 
EimIL  fcan^a  w<wJ  witk  meuIlSfr«la«i<g 


C4»«.n 


L) 


ttm: 


^iMd  if] 


flBH  « 

Bcrar,  UM  B  taar 

ofaai  M  istrodacaiiiMolh 
'Am  aai  «!■!>•■  tcwuM  pautif^ 
k  «b4  aateEa  UiBMlk :  wiu  Milpliai* 
rsi*  of  1m4  aal  mm\lin  Imd,  wiU 
wiik  ■ilnto  of  Wfjipw  sad  nwteUie 
I  of  mo,  on  Ike  4M»' 
■agatm. 


Htkai^  ia  m  glut 

I  of  land  m  dodaak*- 

ik.'— If  tW  labs  t— ttiat  MlT«riiatl 

acnat  «r  wfaar.  a  atantod  aalaliaa  af  akiale  af  eop|MK,  aad  a  eefpn 

aafcaa  af  wl iri Jh  af  aa|yr  m*  i<f  njiuil  «■  tfaa  n4  is  tea  orlbaftaa 
Aiva,  If  tW  uW  nalaba  aadb  axide  of  asMor.  tka  li^iud  in  dw  aMtns 
•f Vair  a  Ttwr  coaafhtajN  btaa  ite  eolow,  aU  ia  tbaa  hmnd  to  eoDtab 
lilniB  a^aawiaia.  WW»  ^  vaaati^  of  ouda  of  eoraar  ia  lawflBr, 
(h»%aid  faaaiaa  t»laawd — aad  tfc»  a juJab  of  aWxid*  m  aopMr  lanaad 
at  «W  JKyaaiay  laa*  tkair  laatn,  sad  taka  ap  wtric  acid.— Wbaa  axidt 
af  aaayw  aad  a^ataaa  laktiia  «f  cMarida  of  cMfper  am  plaead  in  ikt 
ahaad  lakt^  tW  ^ptU  loaat  its  «ola«r;  aad  an  ikt  copper  tod  m  depoatad 
WJllaliiyi  lakeMaatda  afanppai  «tocfc,«a  Um  aUa  ktunad  towwda  tW 
R^  liiiMii  cavand  whk  (Bpakir oriatefe  af  aabomdak  (I 


bow  Midi  to  parelj 


•xp««neato  H  to  M  Mtribaied  to 


ia  Jit  to  be  datonnined.] 


TWO  METALS  AND  TWO  SEPARATED  tlQUIDS. 


403 


The  four  enda  of  two  mdallie  nres  dip  info  tvfo  dfparaie  veaela  fiUed 
with  liquid. 

lu  these  ca86e,  ond  of  the  U<juid5  i&  decom{>o£e(l  hj  the  metal,  tbe  otLet 
by  the  eluctrio  current  tliDs  produced. 


A.    The  tame  liquid  in  both  veaeU, 

a.    Two  MelaU,—The  ends  of  both  metals  dip  into  one  wad,  the  tnds  <if 
one  metal  only  itUv  the  oiker  wisel. 

In  the  following  eiperimentB,  Faraday  mads  use  of  App.  19.  The 
platinum  wiie  o  which  dipg  iuto  the  glass  vessel  a,  is  continued  by  thtj 
galvanonielerj  and  eodoectod  by  the  iron  wire  p  z  with  the  platinum  wire 
p,  which  dips  into  the  vessel  h.  The  iroo,  nkkel,  or  ailvcr  wire  dipping 
into  (I  is  connected  at  x  with  the  platiuum  wire  »  which  dips  into  b. — The 
cnrrent  excited  by  the  iron,  nickel,  or  silverj  in  connecttoa  with  the  nlst- 
tinuui  in  the  liquid  of  tlio  vessel  a,  has  to  make  its  way  through  tho 
liquid  in  the  vessel  6,  which  wea,koiiB  and,  in  some  cascti,  completely 
steps  it. 

If  (I,  S,  contain  nitric  ncid  freed  by  boiling  from  nitrona  acid,  the  iron 
appears  slightly  positive  (t,  e.,  positive  electricity  gnes  from  o  through  y, 
J,  p,  i,  lo  jfl;  but  the  current  is  so  feeble,  that  it  is  far  cTcoeded  by  iho 
oppositfl  current  eititcd  by  the  introduction  of  a  piece  of  paper  moiBteaed 
with  hydrochloric  acid,  between  the  iron  and  platinum  at  jr.  A  eimilar 
result  in  obtained  when  tho  end  of  the  iron  wire  which  dips  into  a  has 
been  made  p;t*sive  by  i{<-nition  in  the  air.  If  the  acid  ia  diluted  with  four 
metigui^B  of  water,  the  current  is  still  wejiker;  and  in  both  cases  it  is  8ur- 
parsed  by  a  thermo-electric  current  produced  by  a  single  pair  of  bismuth 
and  antimony. 

When  a,  i,  contain  faming  nitric  acid — ^which  cond act*  better  than  tho 
otdinaiy  acid — iron  produces  a  stronger  current,  which  is  only  reduced  one 
half  by  the  opposite  thermo-electric  current  of  a  single  pair  of  bismuth 
and  sntimony. 

If  IwUi  vesselB  contain  a  miitnre  of  equal  parts  of  hyponitric  acid  and 
water,  both  ignited  and  unignitcd  iron  .ivc  at  first  slightly  positive;  but 
the  current  soon  ceases.  Unignitcd  iron  in  a  becomes  paesive;  but  the 
circuit  still  conducts  a  tbertno-electric  current  well  (though  not  nearly  so 
well  OS  snlphuret  of  potassium) — and  moistened  paper  between  the  plati- 
num and  iron  at  j*  excites  an  opposite  current.  When  the  end  of  the  iron 
dipftiiig  into  a  ha*  been  ignited,  tho  circuit,  after  it  has  become  inactive 
conducta  the  thernio-elcctrie  current  with  great  facility.  [Iron  rendered 
passive  by  hjfponitric  acid  is  covered  with  peroxide  of  iron,  which  ia  not 
quite  80  ^od  a  conductor  as  tho  black  oxide  (Fe*  0*),  with  which  iron 
rentloTcd  paAsivo  by  ijynition  is  coated.] 

In  concentrated  anueous  solution  of  pota.sh,  silver  gircs  scarcely  any 
current;  iron  or  nickel,  a  feeble  current  which  soon  diminishes.  When 
the  b'tlution  of  potash  is  diluted  with  six  mea.9urea  of  water,  dlv^^r  gives 
no  current,  nickel  or  iron  a  feeble  one,  which,  however,  continnea  Tor  a 
longer  time.  In  these  causes,  t»aper  wetted  with  nitric  aeid,  introduced  at 
Iff  excite*)  .\n  opposite  current  of  greater  strength. 

If  the  eupa  a,b,  contnin  yellow  solution  of  sulphurct  of  potaesium,  tlie^ 
*fOD  appears  negative  towards  the  platiuum  for  tcu  minutes,  on  account 
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of  the  oxide  irhicli  aJtieres  to  It.  AftPr  th'ia,  the  current  eeiia«a  altog«tW. 
Nevprtbeli'ss,  the  circuit  conducts  admirably — anilprodiifeaalhernuM'l**- 
tric  current  on  the  ajtplicatloti  of  Leat  at  a-,  y,  or  r  (wbere  tho  iron  Mil 
pUtiautii  totieh  one  another) — iind  a  galvanic  current  of  gtill  greater  [tovrct 
on  the  introduction  of  paper  tiioistoued  with  dilute  acid  betwieen  tlie  two 
metaU. — It  appears  then  Itnit  no  tiirrcnt  is  excit«d  by  the  cnntact  of  two 
heterogeneous  metals  al  x  (the  c HVn-t^  of  contact  at  y  and  r  troaU  noutraliit! 
each  other);  but  when  tlie  nictala  are  separated  nt  r  by  a  moist  con- 
ductor, a  current  18  produced — Just  as  platinum  bchave.8  with  iron  lu 
solution  of  flu'phuret  of  potaBsiiini,  so  aW  does  gold  behare  wiili  iron  or 
nicket,  and  palladium  with  iron  or  nickel:  the  slight  deflectioa  of  the 
needle  which  always  takes  plac*  at  first,  soon  ceases.  Ouly  in  the  awe  of 
platinum  with  [ialladjuni,  is  the  very  feeble  current  of  longer  duration— 
the  palladium  after  some  time  becomiug  covered  with  sulphuret  of  palk- 
dium.    (Faraday.) 

If  the  cups  -a,  b  (App.  2)  foiitaiti  solution  of  nitrate  of  silver — the  are 
g  I  con^iatiag  of  silver,  the  arc  op  of  sine  at  o  and  of  silver  at  ^J— a  silver 
tree  la  forme<l  at  j>  and^,  and  likewise  [hv  purely  chemical  action]  on  th* 
line,  whilst  the  silver  eud  t  dlssulves.   {n.  Rose.) 

The  cupj*  (i,b  (App.  2),  coutaiuing  solution  of  nitre — o  being  zinc^p 
platinum,  and  .17  i  zinc — the  current  is  stron^'er  than  when  a  and  t  arc  con^ 
nected  by  a  bundle  of  threads  saturated  with  solution  of  nitre,  instead  of 
by  the  arc  of  ziiio.  (H.Davy-)  In  Faraday's  experiments,  three  ends  nf 
the  leas  oxidable  metal  are  used;  in  thtise  of^Davy,  three  ends  of  the  more 
oxtduble  metal.  (  Vid,  Decompwiiims  by  (he  cUctrk  current ,  J}iajp}tj-asm>,\ 

h.   Thftt  iletalt  and  one  Litptid.     One  mrtalik  are  eantisU  of  too  dtftrent 
metals,  the  other  of  t/te  UUrd  metal. 

The  cupa  a,  b  (App.  2),  containing  a  solution  of  copp«r,  and  0  Fi>nsl9t-fl 

ing  of  sine,  /*  of  silver, — copper  is  precipitated  on  the  silver,  provided  the  ^ 
aeoond  metallic  arc  p  i  ih  formed  of  one  of  the  more  oxidable  metals,  not 
of  gold  or  phitiiiimi.  (Singer,) 

The  vessola  a  ami  h  {App.  2),  containing  solution  of  nitrate  of  «lver,  I 
and  0  consisting  nf  zinc,  p  of  platinum,  ff  t  of  silver, — silror  is  reduced  at 
0,  ^,  audj^r,  vvhilo  the  silver  end  t  dissolvca.     [The  zinc  as  it  oxidate* 
sends  negative  otectricity  to  the  platinum — which  neicative  electricity  c«bi- 
biuee  with  the  silver  there  reduce^l;  the  silver  reduced   by  zinc  in  a  i« 
deposited,  partly  on  the  line  by  purely  chemical  action,  partly  on  the  silver  ' 
end  ^  by  electro-chemical  action,     'fhe  negative  eloctrJeity  which  haa  to 
oorohinc  with  the  silver  reduced   at  the  end  ff  receives  it  from  the  silver 
end  t,  from  which  negative  electricity  is  act  free  by  the  combination  of 
the  silver  with  oxygen.] — When  the  sliver  arc  ff  i  ia  replaced  by  au  arc  of  j 
platinum,  the  action  is  much  t^lu wer  [because  the  platinam  end  i  takes  up  ' 
no  oxygen,  and  therefore  gives  rise  to  wo  trauAjiositiun  of  atoms  In  b], — If 
the  Tcseek  a,  b,  contain  solution  of  sulphate  of  cupper,  aud  y  i  consists  of 
silver,  copper  is  deposited  on  the  zinc  [by  purely  chemical  action],  «od 
likewiee,  after  twenty- four  hours,  on  the  platinum  and  on  the  silver  end  j? 
[fiiiver  probably  a(eo  dissolving  at  (], — When  tho  arc  y  e  consists  of  pla- 
tinum, tho  platinum  6  docs  not  become  covered  with  copper  till  after  the 
lapse  of  two  days;  but  the  action  is  much  more  energetic  when  the  ore  ffi 

•med  of  zinc,  tin,  lead,  or  iron.  (PfafT.) 

[the  vcswels  a,b  (App,  2)  contain  a  mixture  of  1  part  of  oil  of' 
and  100  jmrle  of  water,  op  being  an  iron  wire  coated  at  p  with 
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peroxide  of  lead,  ami  pi  a  platinmn  wire, — hydrogen  gaa  ia  evolved  at 
ftbe  plHtinuin  ea<]  ff,  and  oxygen  at  tlie  plattuum  end  i.  (Scb&uLein.) 

TLe  metallic  arc  op  {-App.  2),  consisting-  of  platinum  dipping  into  a 
a  point,  but  into  6  by  a  largo  surface,  and  tUe  cups  o,  b  containing 
r&ter,  or  a  mixture  of  1  jtart  oil  of  vitriol  and  10  parts  water,  or  1  part 
»U  of  vitriol,  5  part^  cotiimon  salt,  and  100  parts  water,  or  a.  jaixture  of 
•e»-water  and  nitric  acid, — a  larger  deflection  is  produced  wlicu  tlie  arc 
ff  i  coDaiets  of  zinc  at  i  oud  copper  at  g,  than  wbea  it  is  arranged  the  eon- 
traiy  way.  But  with  a  mixture  containing  from  1  to  18  parta  oil  <if 
vitriol  Willi  1000  parts  water,  or  I  part  hjdrocliloric  acid  and  80  parts 
water,  tbe  strongest  doQcction  is  produced  witb  zinc  iu  a  and  copper  in  6, 
With  1  part  of  common  salt  in  10  of  wat«r,  tlio  deflectiou  is  ci^ually 
etroDg  botli  ways.  (Marianini.) 

Variottt  combinations  with  three  and  four  metah. 

TEe  vessels  a,  b  (A pp.  2),  containing  either  pure  or  acidulated  water, 
the  current  prodiicea  the  tame  deflection  of  the  needle  in  each  of  the  fol- 
lowing three  combinations:  1,  o  zinc,  g  platinum,  p  and  i  copper;^ — ^2.  o 
tine,  p  platinum,  g  and  %  copper; — 3.  o  zinc,  p  copper,  g  platiumn,  i  iron, 
(Pogge[idi>rff.) 

If  butli  vessels  contain  water  acidulated  with  sulphuric  acid,  o  being 
eadmium,  j7  iron,  p  platinum,  and  i  copper,  the  current  excited  by  copper 
with  platinum  has  the  advantage  ov^t  that  produced  by  cadmiuro  with 
iron;  whereas  a  aiiuple  circuit  of  cadmium  and  iron  produces  an  electric 
current  400  times  as  Btrong  a»  that  excited  by  a  copper  and  platinum 
eircnit. 

B,   Two  Liquidi  and  tteo  Metalt, 

o.  JSach  metaliic  arc  consists  of  me  metal. 

This  arrangement  may  he  regarded  n^  a  combination  of  two  circuits  of 
tw»  metals  and  one  liquid— or,  according  to  Puhl,  as  a  combination  of  two 
circuits  of  one  metal  and  two  lifjuids. 

Expijriments  of  this  kind  may  bo  mj^Jc  with  App.  2; — App.  20.  (The 
upper  end  of  one  of  the  metals  is  bent  round,  and  either  beaten  out  flat  or 
hollonred  into  a  cup;  and  in  or  upon  thi^  is  placed  a  liquid  or  a  piece  of 
pajer  saturated  with  a  liquid,  with  which  the  bent  wire  »  of  the  other 
mctsliic  plfttoy  ia  connected); — App.  21.  (The  two  bent  tubes  are  filled 
Willi  the  two  liquids,  in  which  are  jiomcrBod  the  four  ends  of  tho  two 
motalltc  arcs. 

If  the  cnp  a  {App.  2),  contains  oil  of  vitriol,  and  b  nitric  acid — the  arc 
op  consisting  of  platinum,  gi  of  Bine,  tin,  lead,  iron,  copper,  hrass,  or 
silver — positive  electricity  goes  from  the  oil  of  vitriol,  through  the  galva- 
nometer interposed  in  the  platinnm  art,  to  the  nitric  acid.  Hence  the 
gnlvauic  action  of  the  oil  of  vitriol  on  the  more  oiidablc  metal  overconifts 
that  of  the  nitric  acid.  The  contrary  effect  is  generally  produced,  if  tha 
cup  o  contains  solution  of  chloride  of  calcium  instead  of  oil  of  vitriol; 
but  the  current  is  feeble,  (lie  la  Rive.) 

The  cup  a  {App.  '20)  containing  water  mixed  with  aulphuriv  acid  and 
ft  little  tiiiric,  the  arc  op  being  formed  of  zine  and  g  i  of  platinum,  and  a 
piece  of  paper  saturated  with  iodide  of  potassium  being  placed  between  p 
and  i, — iodine  is  tueparated  upon  tho  platinoiuj  and  when  turmeric  paper 
n  lucd,  it  is  turned  brown  from  the  liberation  of  alkali  on  the  linc  p. 
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The  nine  decontpo«luoT>t  of  ttie  s^ond  liqaid  %n  obtained  vitli  liaio, 
nltttiaunt,  and  aqueous  solulioo  of  potaah  or  common  eaU;  sad  likeviM 
{t»  Audrcws  olitained  tbcm  with  App.  19),  with  BJnaig&matedz  idc,  plkti- 
lium,  and  «iit«r  merelv  aciJalated  with  sulphuric  acid.  In  these  cmtea, 
the  octiua  of  the  liquid  coataining  acid  or  common  ealt  apcm  th#  oao 
ovcrcoQ^C£  that  of  the  solution  of  iodide  of  potaseiom  oa  the  same  metaL 
In  this  or  a  similar  toaaner,  zinc  with  platinum  in  dilute  solphnrtc  acid 
decutnposes  aijueoiia  aolutioa  of  iodide  of  potassium,  fused  protoehtocid^ 
of  tin,  aud  fused  cMorid©  of  silver — but  not  wat^r  Acidtitated  iritb  ml- 

tibaric  a«id,  hydrochloric  acid,  solntion  of  Glauber's  salt,  fused  chloride  of 
ead,  or  fiu^  iodide  of  lead.  In  thoee  ca^es  in  which  no  deoompoeitlon 
takes  place,  there  is  likewise  no  current  produced, — Zinc  aud  platinum 
in  aijueoua  solution  of  potash,  or  a  mixture  of  ammonia  and  eulpliate  of 
ammonia,  cleoomposea  aqueous  solution  of  iodide  of  pota&sium,  isulphate  of 
Boda,  nitrate  of  silver,  and  hjdrocbloric  acid, — Zinc  and  platinum  in 
water  cootainini:;  lioth  sulphuric  and  nitric  acid,  decompo&ee  not  onlj  th^ 
abore  named  compounds,  bnt  also  fused  nitre,  fused  ofaloride  of  lead,  and 
fused  iodide  of  lead,  but  not  solution  of  acetate  of  lead.  It  ia  not  tha 
■nantity  but  the  intensity  of  the  current  that  determines  the  decompCM- 
tion  of  these  coinpoanda  :  large  plates  of  sine  and  platinum  in  wmter 
containing  sulphuric  acid  do  not  decompose  the  last  mentioned  sob- 
stanoeifj  but  the  decomposition  takes  place  readily,  even  with  wiree  of 
theee  metals,  if  the  water  contains  nitrie  in  addition  to  the  sulph&nc  acid. 
At  all  events  it  foUowa  from  these  experiments,  that  contact  of  metala  iJ 
not  e«eeatial  to  the  production  of  an  electric  current. — Poliijhed  lead  with 
platinum  in  water  likewise  produces  a  current  capable  of  deoon>poiaBg 
ibdido  of  po'la&sium.  (Faraday.) 

Water  containing  eulpburic  acid  being  placed  in  the  vessel  a  {App,  2), 
aqneoud  solution  of  potaab  in  h,  and  the  eada  of  the  kioo  arc  op  and  of 
the  copper  or  platinum  arc  ^  i  dipping  into  both  liquids, — a  current  is  at 
the  firat  instant  produced  in  favour  of  the  potash  (from  o  to  p) — but  it 
ceases  immediately.  (Faraday.) 

The  arc  o  p  (App.  2 1 )  consifittng  of  platinum,  the  are  g  i  of  sotne  oilier 
metal,  and  the  tubes  a,  h,  containing  difl'crcnt  li4uid£ — an  electric  carrent, 
generally  a  strong  one,  is  produced  in  the  direction  aopb,  when  the 
iiquida  and  metal  are  disposed  in  the  foUowing  order:  ^i  iron,  a  dUut« 
salphuric  acid,  b  fuming  nitric  acid; — j^  i  iron,  a  hydrocblorio  acid,  6 
LyjHinitric  acid  diluted  with  water  sufficient  to  make  it  green; — ^  i  Jtino, 
uadraiam,  lead,  or  copper,  a  hydrochloric  acid,  h  iodide  of  potassinm;-^ 
gi  iron,  a  dilute  Lydrucltloric  acid,  b  fuming  nitric  acid  of  yellow  solution 
of  Gulphuret  of  potassium ; — y  i  iron,  a  dilute  nitric  acid,  i  couceotr&ted 
colourleea  nitric  acid,  faming  nitric  acid,  hydrated  green  hyponitric  acid* 
or  yellow  solution  of  eulphuret  of  potassium  j — -gi  iron,  zinc,  cadmium, 
lead,  or  copper,  a  dilute  nitric  acid,  I  iodide  of  potassium ; — ^  i  iron,  4 
water  or  solution  of  common  aalt,  6  hydrated  green  hjrponitric  acid. — If 
the  arc  op  consists  of  iron  instead  of  platinum,  the  current  takes  the  same 
direction  with  (bo  following  arrangements :  g  i  ainc  or  lead,  a  oil  of 
TitrJol,  b  dilute  sulphuric  acid; — ^j  i  copper,  a  yellow  sulphuret  of  pota«- 
aium  or  strong  nitric  acid,  b  dilute  nitric  acid  or  iodide  of  potassium. 
The  galvanic  action  of  the  liquid  cuntained  in  a  always  predominates. 
(Faraday.) 

Poggondorff,  by  the  use  of  App,  2,  obtained  currents,  feeble  for  the 
most  pait,  and  varying,  nfit      "  ■*'  j''  '       '         •  Lbttt likewiso 

according  to  the  nature  of  very  dilote; 


I 


+  denotes  that  the  galvanic  action  is  stroogost  iu  the  vessel  a,  —  th« 
contrary;  +  Jenotfa  t.Imt  the  current  tabes  the  former  dirwtion  ai  firat 
aud  afterwards  the  latter;   ^  the  conirary. 
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The  dtrectton  of  the  carront  vartes  with  the  degroe  of  coneentratioit. 
With  Elite  and  platinutn,  hydt^ohtorio  su^iil  produces  »  strongCT  current 
than  iodide  of  potaafiium;  but  with  dilute  ncid  tho  cuntmry  eifcct  is  oh- 
servetJ.  With  zinc  ami  popper,  dilute  hydrochloric  acid  atso  has  the 
preponderance,  [Ijccauso  the  copper  tiikes  up  iodine].  Sulphuric  acid 
with  plannum  and  ziuc  is  overcome  by  iotJide  of  potassium  [Fnraday 
asserts  the  contrary];  and  with  a  mixture  of  oiio  moaeiire  of  oil  of  vitriol 
and  two  measures  of  water^  no  current  is  produced.  (Poggendorff.) 

The  arc  op  coneistitig  of  platinum,  the  arc  g  i  of  liuc,  and  the  two 
Teasels  (tf  b,  containing  water — then,  if  from  any  iueq^uaJitv  in  tho  zinc 
platen,  a  feeble  current  is  produced  proceeding  from  a  to  6,  this  current  19 
actoally  strengthened  by  the  introduction  of  common  salt  into  4-^aUhough 
Ibis  giibstftnc*,  by  incroasing  the  cliemical  action  in  h,  might  be  expected 
to  |iraduco  an  opposite  current.  Nitric  acid  introduced  into  b  likewise 
strongthena  tbo  current  in  many  caaes,  bat  sometimes  changes  Its  direction. 
(Poggcndorff.) 

When  the  vessels  a,  b  {Ajyp.  2),  contain  water,  and  op  consista  of 
platinunt,  ff  I  of  zinc,  no  current  is  apparent,  even  on  beating  one  of  the 
Tcssek  to  the  boiling  point,  although  the  chemical  action  muet  be  thereby 
increased :  but  tho  addition  of  a  isniall  quantity  of  acid  or  salt  to  the 
water  in  onoof  tlie  glasse;^  immediately  excites  a  current,  (Poggeudorff.) 

If  the  cup  a  {A pp.  2)  be  divided  into  two  parts  by  a  membranous 
diaphragm — the  left  hand  division  in  which  tho  platinum  arc  op  is  im- 
meraed  containing  nitric  acid,  while  tho  right  hand  division  into  wUicb  the 
arc  ff  i  i.H  made  to  dip,  and  likewise  the  cup  A,  are  filled  with  a  mixturo  of 
ono  mensure  of  oil  of  vitriol  and  three  measures  of  water — a  feeble  current 
ia  excited  in  favour  of  the  cnp  a;  but  the  zinc  in  b  ia  most  quickly 
djMolved.  (Poggvndortf) 


BLECTWaTY. 


1^  Ome  wtetailie  arc  ufemned  entinti/  ^ me  mgUd,  ike  otk*r  archa^oftm 
jMdd/,  dud  half  a/ tin  other. 

The  an:  op  {App.  2)  oonsistiD^  of  platinam,  tiic  &rc  ^  i  hnlf  of  copper, 
hiit  of  platiaam, — aiaa  one  of  the  cape  containing;  oil  of  Tiiriol,  theotbpr, 
biltK  Mid, — ittt  deflection  amoants  to  only  5^,  when  tho  copper  u  placed 
in  Ibe  oitzio  acid;  bat  to  40'  when  it  is  imtnetsed  in  the  oil  of  tiiriot — 
although  the  Mlution  ts  much  more  rapid  in  the  first  ixae  tiian  io  the 
meaaJLi—maA  copper  with  platinum  immersiod  in  nitric  aurid  aJooe,  pro- 
4iMM  a  ddl«ction  of  90  ;  and  in  oil  of  ritriol  alone,  s  deflection  of  40'. 
In  eoti90(iaence  of  the  small  conductibility  [dccomposibility]  of  the  oil  of 
ritiiol,  the  electricity  devdoped  by  the  copper  and  tlie  nitric  add  becomes 
B«atnlised  directly  on  the  met»l.   {Dc  1»  nire.) 

The  are  op  {-!/>/'.  2)  and  ff  consisting  of  copper,  i  of  zinc, — or,  on  the 
«m%xiay,  ep  and  jr  <tf  tine,  aod  i  of  copper, — and  the  cup  a  contain ing 
s|iring  water,  ft  acidnlated  water,  or  the  contrary, — the  current  is  of  the 
nme  atzvncth  is  all  four  caaes:  it  dtnunisfaes  how<erer  more  qnickly  when 
tb*  SM  19  Huaersed  in  the  acidulated  water,  Chan  when  it  b  placed  in  the 
s|ifii^  wator.  (  Poggendorff.) 

r.   Two  LiquiJt  and  (hrve  Mttah. 

The  TCael  a  {•i.pp.  2)  containing  nitric  acid,  h  water,  aod  th^  an  op' 
COBW^ritig  ftf  platmnm,  g  of  silver,  i  of  copper,  iron,  lead,  or  line, — tbe^so 
hit  awtaila  at«  posilire,  although  they  a»  mucli  less  attacked  than  the 
aahrar  in  th«  mlinc  acid.  (Manasini.) 

AddftiduM, 

^tiU»  Baltrrf.     One  line  and  ^v«n  copper  ]^teo  arv  separated  btmi 
«*a  a'a<Wih»r  by  seven  layers  of  a  moi^t  cooductor  which  does  not  sarrontil 
tSea,  b«t  nramr  loaches  tlieir  surbces.  {^PP-  2S;  Z  ^  zinc,  C  =^  copper, 
■■  =  moiel  eoMBetor.)     The  linc  at  one  end  is  connecter!  by  a  metallic 
an  with  the  copper,  No.  7,  at  the  opposite  end;  sioiilarly,  C*  with  C*,  C* 
with  C*,  and  C*  with  C*.     An  electric  current  sctistblo  to  an  interposed  i 
calvaDMkeler  iron  through  all  the  arc«,  through  the  first  and  thinl  in  one] 
dirvvtioa,  through  the  second  and  fourth  in  the  «)jipo£ite  direction.     The  1 
current  in  the  first  arc  is  the  strongest,  that  of  the  second  weaker,  and 
that  of  the  fourth  weakest  of  all.   (Puhl.)     [The  tlac  in  conQoction  with 
C',  C*.  and  C  furnishes  an  example  of  the  case  of  t»i>  metals  with  onei 
liquid  in  two  ressels,  de^ribed  on  page  -103-     This  produces  a  current  I 
wLtoh  goes  from  C  through  the  Grst  an  to  the  zinc,  and  from  C  throng 
Uw  Meond  are  (o  C*.     So  iiu  the  result  is  e:tsily  explained ;  but  the  origin 
»f  the  currrut   in   lh«  third  and  fourth  aree  is  not  yet  aeeertainel] 
Oumpan  Itearict.     it^s^y.  5^  284.) 

AAf«  OmUwcM  ISU,  (Pogf.  50,  497.) 

IxatTRCMSKTs  ran  ros  rttoitrcTioy  or  Electsic  Ct'RSS>'T8  Br  xkaxs  < 
CaKjftcai  Acnojf.  '"''■^ 

1.  In$trww¥fnts<otmttimffvfct  Simplt  Galvanic  Cireutfi^^ 

irg^Mfont    ntadk  Appmtwku  (Om.   54,  1),— the  ranaliest  a^t. 
nlraaie  oircuit  caipahle  of  igniting  a  metaJtic  wire,  in  thus  constraetei^ 
A  eo^ar  thimble  ceoTerKd  hy  tcneval  of  the  bottom  into  a  cylinder 


opened  &k  both  ends,  U  beiaten  flat — so  that  the  Apposite  sidea  are  brought 

within  two  ijoe«of  one  another.     In  this  space,  a  zinc  plate  not  quite  J  of 

I  an  inch  wide  id  fwatened  with  sealing  wax  ia  such  a  manner  aa  no  where 

I  to  coine  in  contact  with  the  tliJmbte.     To  the  upper  end  of  the  thimble 

is  soldered  n  loop  of  silver  wire.     A  platinum  wire  1  inch  long  and  ^ 

I  of  an  Inch  thick  la  soldered  to  the  upper  part  of  tliii^  loop,  tind  thence, 

I  esiried  in  a  slanting  direction  towards  the  ziue.     Another  ainailar  wire 

I  fastenc'il  to  the  zinc  plate  procceda  iu  a  direction  opposite  to  the  former, 

I  the  two  wires  being  fastened  into  glass  bulbs,  and  running  parallel  to  one 

ftnoth^r  for  a  certain  distance  with  a  very  small  interval  between  them. 

j  Lastly  these  two  wires  are  connected  together  in  the  middle  by  a  very  fina 

I  wire  of  platinum.     To  obtain  this  fine  wire,  a  platinum  wire  ^^  of  an  inch 

thick  is  Hiirrotinded  in  araould  withahar  of  silver  ^^of  aiL  inch  thick.     The 

'  compound  wire  thus  formed  ia  drawn  out  to  the  thickness  of  yiY^f  of  an  Lnchj 

I  a  piece  of  it,  an  inch  in  length,  is  bent  round,  and  the  Irent  part  immersed  in 

I  niliic  acid — wliioli,  by  dissolving  the  silver,  exposes  a  platinum  wire  of  such 

Extreme  fineness  that  it  can  scarcely  be  seen  by  the  naked  eye.     If  now 

1  the  enda  of  this  wire  still  retaining  the  silver  bo  drawn  tightly  over  tho 

'two  thick  platinum  wires,  soldered  to  them  with  zinc  and  sal-ammoniac, 

and  then  the  projecting  parts  cut  off,  the  two  thick  platinum  wired  wilt 

be  connected  by  means  of  a  wire  of  extreme  tenuity.    On  immersing  this 

; apparatus  nearly  up  to  ita  upper  rim  in  a  mixture  of  one  mcMuro  of  oil  of 

iTitriol  and  5U  of  water,   the  iine  wire — whoso  lengtli  must  not  exceed 

I  from  A'  to  -jJjf  of  an  inch — becomes  incandescent  and  remains  so  for  eomo 

{Seconds.     [The  neijfative  electricity  set  free  from  tUo  «inc  as  it  dissolvca 

j  combines  in  the  very  thin  wire — through  which  it  passes  with  difficulty 

—with  positive  electricity  evolved  from  the  thimble.] 

I/art'i  Dtfiaijiator  and  Calorimotor.     Large  coatinaous  surfacee  of 

I  line  oil  the  one  hand  and  copper  on  the  other,  placed  near  to  one  another 

but  not  in  contact,  are  immersed  in  an  acid  liquid.     If  tho  copjier  and 

sine  be  then  connected  by  a  thick  metallic  wire,  positive  electricity  goea 

from  the  copper  to  the  Kinc,  and  negative  electricity  from  the  zinc  to  the 

'  copper,  in  very  large  quantity — so  that  connecting  wires,  oven  of  eome 

I  thiclcnoEs  are  heated  and  fused,  and  a  piece  of  charcoal  placed  betweea 

I  tho    ends    is  brought   into   a   etato   of  -vivid    inc4inde!»cencc-      But  the 

I  tension  of  tho  current  ia  as  low  as  when  a  email  pair  of  plates  ia  used. 

Hence  when  the  connection   between  the  copper  and  zinc  ia  formed  by 

nicanii  of  Imperfect  c-oadnctorsj  such  as  liiiuids,  tho  current  is   nearly 

Etopped. 

Of  tho  Defii(fmtf>r  there  are  two  forms:  1.  A  zinc  plate,  G  inches 
broad  and  S  inches  long,  and  a  copper  plate,  (f  inches  broad  and  14  inches 
long,  are  i-oUed  up  together  into  a  cylinder  2|  inches  iu  diameter,  in  such 
a  manner  that  they  never  come  into  actual  contact,  but  remain  at  the 
difltiucc  of  a  ijtiarter  of  an  inch  from  one  another,-^the  last  coil  of  tho 
tine  being  completely  surrounded  by  the  copper.  All  the  copper  platoa 
of  eighty  such  rolls  are  united  by  soldering  with  a  single  metallic  rod,  and 
thus  connected  with  each  other;  a  simitar  connection  is  made  between  all 
the  siioc  plates.  When  these  rolls,  euapended  by  a  lever,  are  sininlta- 
neonsty  immersed  in  eighty  cylindrical  glasses  filled  with  dilute  acid,  and 
the  two  metallie  rods  connected  by  a  platinum  wire  |  inch  thick,  the 
*firo  ill  instantly  melted.  Cupper  and  mercury  are  burnt.  A  leaden  tube 
being  soMorod  to  the  extremity  of  tho  wire  proceeding  from  the  copper, 
Rod  a  pointed  piece  of  charcoal  fixed  into  tlio  tube— then,  on  bringina;  thia 
^eee  of  charcoal  near  another  piece  similarly  fitted  to  the  cine  eiae,  or 
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neitr  a  platiunm  wire  ^  tooh  thick,  oonuMted  with  the  tino,  »  moat  da>> 

Rliug  light  ic  produced  (]>,  317), 

2,  Two  hundred  and  fifty  ^iiic  p]at«ft,  each  3  inches  wide  and  7  iuchoi 
long;,  *re  plaeiKi  in  250  flat  cupfier  (;»««»,  op<?ii  at  top  ami  bottom.  Ererj 
50  vf  tbew  pairs  are  hung  on  a  noparato  bar  of  wood.  Each  copper  «aaQ 
is  separated  from  the  nei-i  hy  a  coveriug  of  paete-board,  coated  with 
ehollac  varnish.  In  iLte  manner,  50  copper  cases  are  united  into  one  dense 
jnjua.  Under  each  of  the  5  tminovablc  bars  ia  placed  a  trough,  filled  with 
dilute  acid,  AH  5  troiigbs  are  placed  on  a  common  support,  irhich  can 
tio  let  up  and  down — bo  that,  on  mising  the  trnagb*,  tlie  Itcjuid  contained 
in  tticm  fiils  the  space  between  the  zinc  and  copp«r.  The  eifects  pro- 
duced by  thia  apparatus  are  similar  to  thoac  of  the  ariangem«Qt  last  de- 
sctibcd,  or  even  stronger. 

In  the  C'aiorimoior,  20  copper  and  20  sine  plates,  each  having^  a  sitr 
face  of  19  square  incheSj  are  fastened  alternately  and  perpendicularly  it 
a  frame:  all  the  copper  plates  are  tioldered  to  one  coruuion  bur,  and  all] 
the  line  platoN  to  another.     The  whole  is  imojerBod  in  a  trough  filled  with  j 
aeid,  and  the  copper  connected  with  the  zinc  by  a  conductor.     This  ap»] 
paratuA  produces  gimilar  bnt  Ic*s  poworfal  cflccte.     With  from  00  to  liti 
copper  and  as  many  zinc  plates,  platinum  wire  may  he  fused,  &c, 

IL    JnstrummU  formed  bt/  the  union  of  teveral  Simple  Oalwinic  Circuit*, 
Voltaic  Piles  in  the  mor€  exttnthd  Seme, — Gatvamc  Batt/triet, 


1,     The  SimpU  Ciraiilt  eonatttintf  oftioo  Mttafi  and  0M  (rf  two  Lijuidi. 

When  two  metals  m, /,  arc  connected  with  a  fluid  with  which  they 
fonn  a  situple  ijalvariic  circuit,  in  the  following  order:  in  ft,  m/f,  f^ft^A 
&G.,  the  following  efiecta  are  produced. 

1.  In  the  outermost  m  on  the  left,  and  tbo  outemiost  t  on  the  right,! 
examination  with   the  electrometer  (not    the   galvaiioiuetor)  ehowa    tLff] 
presence  of  a  (juautity  of  free  positive  and  free  negative  electricity,  whliib 
increases  with  the  number  of  Biinplo  circuits  united: — indeed,  the  free 
electricity  appears  to  increase  in  direct  proportion  to  tbenamberof  simplo 
circuits. 

2.  When  one  of  the  external  pieeee  of  metal  is  connected  with  the 
ground,  and  its  free  electricity  tluuTby  removed,  the  quantitv  of  the  op- 
posite free  electricity  in  the  other  external  piece  of  metal  is  doubled, 

8,  When  the  two  outside  pieces  of  metal  are  connected  by  ujeans  of 
n  good  conductor — e.  p.  a  wire — and  the  open  circuii  thereby  converted  into 
a  dosed  civciiitf  the  deflection  of  a  magnetic  needle  in  the  neighbourhood 
of  the  wire  is  very  littlo,  if  at  »U,  greater  than  that  which  would  be  pro-i 
duced  by  a  simple  circuit  conmBting  of  the  etiuie  oloineQls, — provided  that,' 
in  the  latter  cnse,  the  connecting*  wire  is  thick  enough  to  afford  fret 
passage  to  electricity  of  .«mall  teusioti. 

4.  But  the  tension  of  the  current  itirrcnscs  with  tho  number  of  aim- 
y»le  circuits  connecteil  together;  and  hence,  the  current  generated  bv  a' 
compound   circuit  can    pass,  with  little  or  no  diminution   of  «lronirth, 
through  long  wires  and  imperfect  cdnductors,  by  which  the  current  of  a 
simple  circuit  wouhl  bo  greatly  eofeebted,  or  even  completely  arrested. 

9.  if,  while  the  cirenit  is  closed,  the  contiguous  pieces  of  metal  (,  m, 
be  scpnrateii,  and  then  r^onnocted  by  a  wire,  an  electrio  current  will  pa^s 
through  every  eiich  wira,  of  the  same  quantity  and  tentfion  ae  that  which 
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'  paasM  througli  tbe  metallic  ar«  connecting  tho  two  outermost  pieces  of 
metal. 

ICh-cuit  opai;  If  two  pairs  of  metallLC  plates — e.  g.  of  zinc  and  copper 
—are  placed  in  two  cups  or  cells  <j,  6  {App,  23),  filled  with  the  sanio 
liquid,  acidulated  water  for  instance,  C  being  oonaccteJ  witli  7^  by 
a  wire  gi,  but  Z'  not  connected  with  C  by  tho  wiro  op, — the  negative 
electricity  set  frco  by  the  oiidation  of  Z*  may  indeed  paaa  over  to  C',  and 
thence  to  the  hydrogen  set  free  by  Z': — but  since  tho  negative  electricity 
set  free  in  Z'  baa  no  other  way  of  escaping  than  by  juissing  to  tlio  hydro- 
gen of  the  cell  «,  and  the  hydrogen  liberated  in  the  cell  b  can  only 
receive  its  negative  electricity  from  Z', — scarcely  anything^  but  paroly  che- 
mical action  takes  place,  and  tho  hydrogen  \%  evolved  on  the  two  zinc 
plaice.  But  just  as  in  the  unclosed  dniple  circuit  (p.  342,  c),  su  likewise 
in  this  case,  u  feeble  electro-chemical  action  takes  place;  for,  in  conse- 

?[aeDtro  of  the  difficulty  which  the  nogativo  electricity  finda  in  jHiSding 
ronn  the  line  to  the  hydrogen,  a  small  uuantity  uf  negative  elertricity— • 
which  may  be  called  one  negative  portion — remains  in  Z'  and  Z\  The 
amail  quantity  of  hyJrogen  which  does  not  receive  from  the  sine  tho 
quantity  of  negative  electricity  belonging  to  it,  either  takes  it  from  the 
caloric  of  tho  liquid  and  liberates  positive  electricity,  wbich  passes  over 
to  C  and  C, — or  it  is  conveyed  by  transposition  from  Z'  to  C,  and  from 
Z*  to  C^,  taking  up  negative  electricity  in  both  these  plates,  and  liberat- 
ing positive  electricity  (one  positive  portion  (»)  in  each  plate).  The 
}>osjtive  portion  in  C  immeJiatoly  unites  with  tho  negative  portion  in  Z' 
to  form  caloric  (i3);  and  since  to  the  negative  portion  in  Z',  there  is  no 
longer  oppoaed  any  |>oeitiTO  portion  in  C\  nor  any  negative  portion  in  Z' 
to  the  positive  portion  in  C,  and  conaecjnently  the  electrical  difference  m 
reduced  one  half, — it  follows  that  2  negative  portions  can  accumnlata 
in  Z'  and  2  positive  portiona  in  C°,  till  the  tendency  of  the  two  cleotri- 
citiea  to  combine  prevents  their  further  accumulatiou.  Upon  this,  n 
second  positive  position  passes  into  C^  and  a  second  negative  portion  to 
Z^  (y) ;  but  these  portions  again  nentralizo  one  another  ()).  Whereas, 
therefore,  in  the  simple  galvanic  circuit,  tho  nine  contains  one  negative  por- 
tion and  tho  copper  one  positive  portion  of  free  electricity, — in  the  two- 
pair  circnit,  on  the  other  hand,  Z'  containtj  %  negative  portiana  and  C* 
2  ponitive  portions,  while  C  and  Z'  are  neutral.  This  accumulation  of  a 
double  ijuantity  of  negative  electricity  in  Z^  and  of  positive  electricity  in 
{^,  produces  a  twofold  electrical  tension. 


Z' 


Z* 


V  2   -  +  -  »  + 

i  2   -  0  0  2   + 

When  three  simple  circuits  are  nnited  i^App.  24),  one  positive  portion 
from  C  is  neutralized  by  one  negative  portion  from  Z',  and  sjniilarly,  one 
pomtive  portion  from  C  by  one  negative  portion  from  Z'  {m,  B) :  and  sinco 
tiie«o  4  platea  are  thereby  rendered  nentral,  a  seoood  negative  |Hirti na 
tma  accnniulato  in  Z'  and  a  second  positive  portion  in  C — wticrctipun  tht* 
portiona  developed  in  the  4  middle  plates  again  neutralize  one  another, 
(y,  i).  But  thirdly,  2  negative  portiona  accniiudato  in  Z*,  Imlf  of  which 
\a  comiuiiuicuted  to  C,  and  2  positive  portion-*  in  C,  half  of  which  i« 
comniiiodcated  to  Z'  (»,  0«  Since  now  Z',  which  already  contain*  S 
Hagative  portions,  i^  opposed  to  C',  witb  one  negative  portion,  a  third 
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negative  portion  c&a  aecnmnlate  in  Z',  antil  the  maxtmnni  is  attained; 
— and  )Q  the  same  niMmer,  3  positive  portJone  accumulate  in  C, 
T»liicb  ia  opposed  to  2},  containing  one  positive  portion  (»i).  Lasklj, 
tlio  portions  in  C  and  7^,  and  thgse  in  C*  and  Z*,  oistribnte  tbemdelrM 
mii/ormly  (S). 


c 

z» 

C« 

z» 

+ 

— 

4- 

-. 

0 

0 

0 
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2    + 
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,^ 
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+ 
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2  _ 

2   + 
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AccDnling  tu  this,  the  portions  of  electricity  are  distribute*]  as  follows  i 
in  an  unclosed  circnit; — Simple  Circuit:  Z  — ',  C +.  Two-pair  Ci>tniitr| 
2'  2  — ,  C*  0,  Z'  0.  C  2  +.  Tliree-pair  Circuit:  Z^  3  -,  C  -,  Z»  — , 
C7  +,  Z»  +,  C*  3  +.  Four-pair  Circuit:  Z'  4  -,  C  2  — jZ'  2  — ,  C  0, 
Z»0,  C'2-l-,  Z'2-J-,  0*4-)-.  Five-pair  Circuit:  T^b-,  C»  3  — , 
Z»3— ,  C*— ,  Z>-,  C  +,  Z*  +,  C*3+,  Z*3  -^,  C*5  -f,  and  m  on. 
Hence  tlie  qDaDtitii}s  of  elect ricity'  accumulated  iti  the  tenuiQal  plates, — <■ 
and,  therefore,  also  tlie  electrical  tensions  of  tho  pole-s, — increajie  in  direct 
proportion  to  the  number  of  platea. 

When  one  of  the  terminal  plates  is  connected  with  tho  px^and,  e.  y,fl 
C""  of  the  double  circuit  {A^pp.  23),  and  the  two  portions  of  positive  elee-T 
tricity  thereby  conducted  away,  a  fresh  accumulation  of  elrctrictty  takes 
place  in  the  opposite  turuiinal  plate  to  the  same  amount  aa  before,  making 
in  all  4  negative  portiuns.  For  since  C*  is  neutral,  2  negative  portions 
can  accumulate  in  T?,  till  the  maximum  of  tension  is  attained,  and  simi- 
larly in  C,  which  is  connected  with  it;  eo  that  Z'  opposite  to  C  can  noir 
retain  4  negative  portigna.  In  the  same  manner,  4  positive  portions 
accumulate  in  C  when  tho  electricity  of  2'  ia  conducted  away.  Gene- 
rally; whatever  may  be  the  number  of  pairs  in  the  battery,  the  eK'ctrical 
tcneion  of  either  pole  is  doubled  when  tho  electricity  accuinulattsl  in  the 
otLcr  pole  is  conducted  away.] 

\Circni%  clQitd:  As  soon  as  Z'  ia  connecter)  with  C*  {.^|»p.  23)  by  « 
mottillic  arc  op,  electro-chemical  action  is  enabled  to  proceed  on  an  ex- 
tended scale.  The  negative  electricity  dovcloped  by  tho  oxidation  of  2' 
goes  tlirongh  o/j  to  C,  and  thence  to  the  hydrogen  libcmted  by  Z*  from 
the  water  in  cell  6.  The  negative  electricity  evotveil  at  the  same  time 
from  7?  paaaea  throu»h  C  to  the  hydrogen,  which  ia  transferred  froni  Z' 
to  C  Hereupon,  nej^tive  electricity  goes  from  o  to  p  nnd  from  i  to  3\^ 
or,  what  cornea  to  the  same  thing,  positive  electricity  goes  from  fi  to  o  sod 
from  ^  to  ». 

The  quantities  of  electricity  flowing  through  op  and  g\  are  equal: 
the  giilvauometer  sliowa  tbo  same  de6ectioii,  whether  it  is  interposed 
between  op  vtgi.  This  is  in  accordance  with  the  fact,  that  the  quantity 
of  hydrogen  gaa  evolved  on  C  is  the  eanie  ns  that  on  C*.  Suppose,  for 
exiimple.  that  the  electro-chemical  action  were  stronger  on  Z'  than  on  Z*: 
the  quantity  of  negative  electricity  transmitted  from  Z'  to  CP  would  then 
be  more  tlian  sufficient  to  saturate  the  hydrogen  gas  there  evolvetl,  wliilefl 
Z'  would  give  to  C  a  tjuantity  of  negative  electricity  less  than  that  re- 
quired by  tho  hydrogen  evolved  on  C.  Hence  the  electro-chemical 
action^  In  the  two  cellg  control  one  another  in  sqch  a  manner,  that  equal 


GALVANrC  BATTERY. 


413 


quantities  of  electricity  pass  through  the  two  metallic  aros,  and  equal 
vol amos  of  hydrogen  gas  are  evolved  on  the  two  copper  platea.  If  tho 
chemical  (ictiou  in  one  cell  bccomea  stranger  than  that  in  tlio  oth^r,  the 
«xc«>ii^  takes  Iho  purely  chemical  fyrnij  mid  the  auperabimUaut  hydrogen 
\s  all  evolrcd  upon  the  zinc. 

The  current  which  pafssf?8  from  o  to  p  in  a  two  pair  circuit  is  not 
greater  in  quantity  tliau  that  which  traversu.s  tho  connecting  wire  of  a 
simple  circuit;  provided  that  the  quantity  of  zinc  dissolved  off  tlic  line 
plate  of  the  latter  in  a  piven  time  is  equnl  to  that  disaolved  from  each 
nnc  plate  of  the  twi>-pair  circuit,  and  tliat  no  purely  eheniical  aetiou 
takes  place  in  either  caae  (ns  when  arnalganiated  zinc  is  ^lsed);^^)r  eke 
that  in  both  cases  tho  quantity  of  purely  clicmicul  action  bears  tho  same 
propiirtiou  to  that  of  the  cdectro-cliemical  action.  For  the  negative  cleO' 
tricity  whicli  in  the  two-pair  battery  runs  through  op,  proeeeils,  not  from 
both  xinc  plates,  but  only  from  Z';  tiad  if  no  more  of  this  plate  bo 
oxidized  in  a,  given  time  than  of  the  zinc  plate  of  a  single  pair,  the 
quantity  of  negative  electricity  developed  in  the  former  case  will  likewise 
not  bo  greater  than  that  developed  in  the  latter.  The  neg^ativc  electricity 
evolved  from  Z^  merely  passes  through  the  are  ^  i,  and  is  absorbed  at  C' 
by  the  hydrogen.  Similarly,  ivitb  batteries  consisting  of  several  paira; — 
so  many  pairs,  ao  many  separate  currents. 

If  the  circuit  be  opened  at  gi  while  it  remains  closed  at  op,  C*  and  Z' 
become  the  poles.  If,  therefore,  in  a  battery  consiHting  of  eoFeiul  pairs, 
and  having  its  entk  metallically  connected,  any  nine  plato  be  soparated 
from  the  copper  plate  with  wfatcli  it  ia  aitsociated,  those  two  plates  become 
the  polea. 

The  quantity  of  electricity  In  the  current  may  however  be  increased 
by  augmenting  the  number  of  pairs,  if  the  electro-chemical  action  in  tho 
individual  pairs  is  accompanied  by  purely  chemical  action.  For,  the 
greater  tension  or  velocity  of  the  current  produced  by  several  pairs  causes 
the  purely  cboniical  action  to  diminish  and  tlic  eleetro-cbemical  action  to 
increase.  But  this  increase  of  quantity  can  only  rise  to  the  maximum  at 
which  the  action  becomes  wholly  electro-chemical — antj  consequently,  all 
the  negative  electricity  of  tho  zinc  pasaea  to  the  hydrogen  through  the 
other  metal. 

It  appears  then  that  the  union  of  seyeral  pairs  in  a  battery  increases 
ihfi  tension  of  the  electric  current  in  direct  proportion  to  the  number  of 
pairs, — and  likewise  angmcnta  the  qiiantity  to  a  certain  extent  in  those 
caac«  in  M-hich  a  cousiderablo  quantity  of  the  negative  electricity  of  the 
£inc  in  the  simple  circuit  is  withdrawn  from  th$  current  by  purely 
chemical  action. 

We  may  conclude  then  that  the  Quantity  of  the  electric  current  of  ft 
iraivanic  battery  depen<lH;  ].  On  the  strength  of  the  electro-chemical 
action  in  the  tDdividual  simple  circuits  of  which  the  battery  is  composed — 
principally  therefore  on  the  circumstances  considered  (pp.  378.. ..381.) 
a.  On  the  u umber  of  pairs — because  as  that  number  is  Lucrcasod,  pare 
chenite^l  action  is  more  and  more  prevented. 

The  Tfntion  depends:  1,  On  the  tension  of  a  simple  circuit ;  and  2. 
On  the  number  of  simple  circuits  conjoined. 

According  to  tho  view  just  laid  down,  a  galvanic  battery  of  sine  and 
copper  with  fluiil,  should  be  constructed  in  the  followiug  order;  Z/C, 
Z/C,  Z/C,  &c.;  and  aceordinpfly,  the  zinc  pole  is  negative  and  the  copper 
punitive,  as  in  the  simple  circuit.  But  according  to  the  contact  theory, 
which  regnrda  tho  contact  of  the  two  motals  as  the  principal  sonroc  of  the 
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olcsctrlcity,  tlie  battery  ihonlJ  he  anunged  M  foUowf,  C  E/,  C  Z/,  C  Z/, ' 
&c.  In  this  armngemeDt,  the  ropjwr  pole  on  the  left  is  neg&tive  &Qd  tke 
ainc  pole  on  the  right  positive.  Heneo,  tho  expreasions,  mpp^  pott 
inetead  of  ne^tire  pole— ^nd  sine  pole  instead  of  positire  pole,  &re  of 
fr«<[Qent  oct-«rrcnee  But  atoording  to  the  chemical  theory,  tlie  oatet- 
mosl  copper  ou  tbo  loft  and  the  outcrmoet  ztnt!  on  the  right  are  altogether 
wtthoDt  influence  on  the  force  of  the  batteiy;  and  if  those  two  external 
membens  are  rvmoved,  the  first  mentioned  arrangement  remains  behind.] 


Okm't  Fofwules,  relating  to  ike  Qaontify  of  the  SleHrie  Currmt. 

1.  For  a  conductor  inio  vihoie  extremities  tfte  two  eltcirkUm  Jl<M  vtiik  a 

given  temion: 

Let  A  be  tho  electrical  totisiou ;  K  tho  conducting  power  of  the  trtnj 
or  other  conductor;  w  tho  surface  of  ita  Iransverae  section  j  L  ita  length;  i 
Q  the  quivntity  of  the  current,  then 

AK  w 

Hence  the  qnuntity  of  tho  entering  ciectridtiea  which  paai  through 
the  wiro  in  a,  givon  time,  varies  directly  as  the  tension  of  the  eleotricitiei^ 
the  coaducttDji;  power  and  thickn&&>  uf  the  conductor, — and  inversely  as  iia 
length.  Hence  also,  the  quantity  of  the  current  in  two  conductors  ia  tli4 
eanie,  wheu,  with  «t]ual  okctrical  tension  and  conducting  power,  tli«j 
tatio  of  the  transverse  section  t<j  the  length  is  the  same  in  both  ;  or,  with  j 
equal  tension  acid  equal  transverse  section,  tho  ratio  of  the  ooorlacting 
power  to  tho  length  La  the  8ame;  or,  with  cqanl  conducting  power  sixl 
equal  traneveree  section,  the  ratio  of  the  tension  to  the  length  is  the 
same. 

2.  For  a  simple  Galvanii  cireuii. 

Let  A  bo  the  electromotive  power  of  the  circait  (or  the  tension  i),  Bj 
tho  resistance  which  the  current  meets  with  in  the  circuit  itself.     Tbi»  i«' 
tlie  resultant  of  the  following  individual  resistances: — a.  Resistance  of^ 
the  two  metallic  plates  which  the  current  has  to  traverjw; — b.  KeaietanoVi 
of  the  liquid  through  which,  according  to  the  ordinury  view,  the  carren^j 
pa&9eH,   [according  to  p,  343,/,  this  is  the  resistance  which  the  liquid 
Dppoees  to  tho  transposition  of  atoms].     To  this,  Fochner  and  Poggendorif 
add  c):  tho  resistance  of  transition, — i.  e.  the  resistance  which  exists  (a 
the  passage  of  the  electric  current  from  the  metal  to  the  liquid,  and  con- 
Tersely, 

A}iM>,  let  r  ho  the  resistance  of  the  coudoctor  which  nnitM  the  two 
metals,  and  Q  tbo  qnantity  of  the  electric  current  which  enters  it;  then 


Q 


U 


therefore  A  =:  Q  (R  +  r) 


3.  F^y  tJu  Gahanie  Batiery. 
n  denoting  the  number  of  uniteil  eimple  ciicnits, 

n  _  *'  ^ 

^  —     »E  +  r 

When  tho  resiatanco  r  of  the  conductor  which  cloees  tho  circuit  i«j 
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inroneiilemble  in  compariaon  with  the  re«iBtan(se  11  in  th«  iadivtduiil  cir- 
caitA,  it  nearly  v&nishea  in  the  formula,  and  there  remaina 

n  A  A 

I  Q  = 


11  R 


R 


that  is  to  say:  tlie  quantity  of  the  cturent  ia  the  eame,  whether  it  prc»coe<li 
from  ODP  pair  or  frum  several. 

But  if  the  reuistaucG  of  the  conductor  which  closes  tho  circuit  ia  con- 
Ntlenihle— «.  y,,  from  thg  interposition  of  water,  A:c. — then,  Q  iucreasea 

considerably  with  the  umnbcr  of  pairs— I>ecau8e  theu  p      -  give*  a  much 

amaller  quotient  than  — = 

The  development  of  this  subject  may  be  found  in  Olim's  Memoira 
I  already  cited  on  page  307 ;  likewise  in  Ohm's  Cfalvanisc/ie  Kette,  Berlin, 
]  1827 ;  Fechner,  Miutntbtdi^nmungmt,  dei' galoanuchen  Kdit,  Loipzigj  lt(31 ; 
Pooillet  {Po.}(f,  43j  281)  j  Henrici  {Fogg.  53,  277). 

Qitantilif  ofifte  Eltdric  Current  of  a  Gfdvamc  Bailer^. 

With  atnal^matod  zinc  and  platinum  in  dilate  sulphurio  acid,  th6 
quantity  of  iho  current  is  not  increaaed  by  augmenting  the  number  of 
pairs.  One  pair,  by  the  oxidation  of  one  atom  of  zinc — provided  tho 
connecting  wire  bo  thick  enough  to  transmit  the  fooblo  current  without 
diniinution — aupplien  as  much  electricity  in  the  fortn  of  a  current,  aa  ItlOO 
|iaire  would  supply  by  the  oxidation  of  1000  titonia  of  zinc.  In  all  the 
eella,  e'|nal  quantities  of  water  aro  decomposed  and  Cfjiiivalont  quantities 
,of  zinc  dissolved,  y'iz,  32-5  parts  (1  At.)  of  lino,  to  1  part  (1  At.)  of 
Qgon  gas  evolved.  (Faraday.) 
I A  number  of  paira  does  not  produoe  a  stronger  deflootion  of  the  gal- 
Tanometer  than  a  single  pair;  one  pair  acts  more,  another  ieea  strongly. 
The  sum  of  the  effect*  [quantities]  of  the  eingle  pairs  divided  by  tho 
number  of  pairs  gives  the  eflfect  [quantity]  of  the  pile:  hence,  a  larger 
pair  added  to  a  number  of  smaller  pairs  increases  the  action, — a  smaUer 
,  lAir  dlmini^bes  it.   (Mcirianioi.) 

Even  though  the  several  pairs,  from  differenoes  in  extent  of  sarfiaee  or 
in  tho  nature  of  the  Uijuid,  should  individually  produce  different  quanti- 
ties of  electricity, — still,  all  the  currents  which  pass  from  the  eloctro- 
nirgativi*  to  the  eleetni-poeitive  inctah  of  the  several  pairs,  after  the 
union  of  these  paira,  are  mathematically  equal.  The  quantity  of  elec- 
tricity in  the  current  of  a  battery  ia  greater  than  that  of  the  weakest 
puir  taken  singly, — beeauae,  wbou  this  pair  is  joined  to  tho  b.-i(tery,  no 
more  lotro  chemical  action  takes  place  in  it.  A  very  feeble  pair  is  lo  be 
regarded  only  as  an  interposed  plate  {vid.  seq.)  whioli  weakens  the  cnr- 
it;  and  tho  quantity  of  tho  currcut  remains  the  same,  even  when  tho 
tic  pair  is  introduced  in  tho  reverse  order.  (De  la  Rive.) 
Tlio  quantity  of  the  current  of  a  pile  charged  with  dilute  salptnirio 
ncid  is  very  much  diminished,  when  this  pile  is  united  in  the  proper  order 
with  another  containing  only  water,  (SchiJnbein,) 

If  10  pairs  of  amalgamated  zinc  plates  and  platinum  plates  are  sepa- 

I  mtely  immeriicd  in  dilute  suli»haric  acid,  different  quantities  of  hydrogen 

gas  ju-o  evolved  in  a  given  time  on  the  surfaces  of  the  several  platinum 

Iplates,  tho  variation  amounting  to  about  i  of  the  whole,     Bnt  when  all 

[th«  10  pairs  are  united  into  a  battery,  tho  quantity  of  gaa  e^'olved  on 
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each  ptatinujii  plate  ii  the  Eatnc,  and  equal  to  th&t  whicb  ww  hehr 
evolved  on  iLe  platiniiin  plate  of  tlic  weftkeal  pair.  If  the  riog^  of  all 
the  iiQcaiidpliitinom  plates  are  ianucrsed  in  a  Teasel  filled  with  Biei-curyJ 
the  deYelopmcnt  of  gas  on  the  platmmn  plates  agnio  Vtcecmu'S  as  iiufqun' 
as  ill  the  firat  case.  If  every  two  zinc  plates  he  connected  with  ever 
two  platinum  pktcs,  and  the  5  double  pairs  united  into  »  battery,  thel 
evolution  of  gas  ia  tho  same  in  all  the  cells.  When  a  pairs  are  leftj 
simple,  and  connected  with  one  douhlepair  to  form  a  lattery,  the  <iii»ntitw 
of  giiB  evolved  on  the  twoplatinuni  platen  of  the  double  pair  taken  together/ 
18  not  greater  than  that  evolved  on  each  platinum  plate  of  the  ein>;l*| 
paii-a.     When  ciieh  of  the  10  line  plates  is  placed  between  two  platinui 

J  dates,  the  evolution  ofgns  on  each  double  phite  is  increased  nearly  two*! 
old;  and  part  of  the  gas  lifcewise  oscapea  on  that  surface  of  the  idatinuml 
which  18  tamed  avva}'  from  the  stinc.  When  unamalgamated  Einc  ta  nsed,  ft  \ 
great  deal  of  hydrq^'Cn  gis  is  evolved  upon  its  surface;  but  the  quantitjrj 
evolved  on  tUepIatinnm  is  the  same  as  when  the  zinc  is  anialgamat^ifj 
hence  the  local  [pure  chemical]  action  does  not  iuterfere  with  the  force 
the  current.  (Daniel!.) 

If  ecveral  pairs  of  anialga-iuated  zinc  and  platinum  in  dilate  sinlphnrid 
acid  arc  united  into  a  hatterv',  and  the  pidar  wires  dipped  into  dilute  sul- 
phuric acid,  the  quautitv  of  liydrogen  ^s  evolved  in  each  exciting  cell  oJ 
the  battery  is  exactly  the  same  as  that  set  free  in  the  deconiposinar  cell. 
WLen  the  circuit  is  imperfectly  closed  by  the  interposition  of  a  long  thiol 
wire  or  a  liquid  conductor,  the  qLantity  of  ga.8  evolved  in  all  the  cclU  ]| 
diminished,  but  ia  the  sanie  in  ail;  the  greater  the  number  of  pa ira, 
]ess  docs  this  dintinutiou  in  the  (]uantity  of  hydrogen  gae  amount  to.] 
(Matteucci,) 

Twenty  pairs  of  sine  and  copper  give  the  same  deflection  of  20''  as  oo« 
paifj  when  the  circuit  ia  closed  by  a  wire  of  sufficient  thickness.     Buti 
when  the  current  is  coodueted  from  the  poles  through  a  stratum  of  watcrij 
the  deflection  with  one  pair  amounts  to  10^  with  5  pairs  to  153*,  aniT 
with  20  pairs  to  Ifl^  (Butf.) 

One  pair  of  plates  gives  the  same  deflection,  whether  the  inetala  are' 
separated  by  one  or  five  pieces  of  cloth  saturated  with  linuid;  but  when 
several  pairs  arc  united,  the  deflection  diminisiics  as  the  thickuoas  of  the 
cloth  is  increased.     The  diminution  is  less  however  in  proportion  as  tho 
liquid  conductij  better  [i.  c,  exerts  chemical  action],  Martanini. 

The  following  experiments  by  Binks  were  made  with  amalgajnatad 
Bine  plates  and  platinum  plates  cif  equal  site  in  dilute  sulphuric  acid. 

The  quantity  of  zinc   dissolved  in   a  given    time  diuisnifihes  as  th€ 
number   of  plate*  i.s  increased,  in    the   following   proportion — the   Iir«t1 
numher  denoting  the  number  of  pairs  of  plates,  the  second  the  loss  ot* 
zinc :  1  :  5'7,— 2  :  30 ;— 4  : 3-8,— M  :  3'8,— 1 6  : 3-4,-32  ;  3  6,— *0  : 3% — 
48  : 2-7. 

A  similar  diminution  takes  place  in  the  quantity  of  hydrogen  g^ 
evolved,  when  two  pairs  of  unequal  surface  are  united:  a  denotes  tJtft 
surface  of  each  of  the  pairs   of  the  plates,  b  the  quantity  of  hydrogeaJ 
gas  which  each  would  have  developed  by  itself,  c  ihe  quantity  evoh 
after  their  union : 


a      b 
I     0-8 
1     0-8 

c 

0-4 
0-4 

I     2-4 
3     7-4 

e 

2-4 
2-4 

a      h 
1     .1'2 

a  1C-0 

e 
4-4 
4-4 

a        b 
1        1-4 
9    120 

3-6 

a       h        e\ 

1     08     1>« 

1«   120     2* 

Sum         ]-6 

0-8 

9-6 

4-8 

xa'2 

B-a 

134 

6-2 

13-6     4  2 
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It  ia  remarkable  that  when  the  surfaces  of  the  two  pairs  of  plates  aro 
very  iit)e()T]al,  tlie  quantity  of  Iijtlrogen  evolved  on  tlie  copper  of  tlie 
larger  pair  is  ereater  tliati  tbat  evolved  on  tlie  copper  of  tie  tsnialbr. 
(Sinks.) 

The  electric  current  of  a  battery  censes  wboii  the  whole  is  cooled  to 
—  18"  [in  consequence  of  the  freeamg  of  the  liquid!]  j  it  iticreaBes  with 
the  temperature,  but  csascB  again  at  100^  anii  recommences  wltli  violence 
on  subsequent  cooling^.  It  is  bowover  considerably  increased  by  heating 
only  half  of  the  battery  to  100°  {llessaignes,  Ann.  Chim.  Phj/s.  24,  203), 
— [this  deaervos  verification]. — A  battery  wLich  at  15°  gives  a  current, 
capable,  when  conducted  through  a  watery  Hiniid,  of  disengagini;:  22^ 
tneiksurea  of  hydrogen  gas  in  a  given  time,  jielda  39  meaiiures  in  the 
aame  time,  when  heated  to  52*.   (OespretZj  GiW.  72,  310.) 

When  the  current  of  a  trough -battery  has  diminiabed,  it  may  be 
mcreafied  almost  double  by  stirring  the  acid  liquid  between  the  sine  and 
copper  platCH  with  a  feather.  (Faraday.) 

Slectricai  Ttunon  of  tfie  Battery^ 

The  tension  of  the  nncloaed  circuit,  as  dctonuined  by  the  electrometer, 
''inereases  directly  as  the  number  of  pairs.  (Volta,  Bohnenberger  {Oilh, 
57,  348),  Singer,  MariTinini.)  It  increases  as  the  aquare  of  the  number 
of  pair».  (Delcienries,  J.  I'Jti/s.  82,  209),  In  the  unclosed  circuit,  it 
increases  as  the  square  of  the  number  of  paira,  and  in  the  closed  circuit 
directly  as  the  number;  for  the  statical  efl'ecta  of  a  given  quantity  of 
electricity,  as  shown  in  the  open  circuit  by  the  electrometer,  aro  to  the 
djrnaniical  etfecta  which  the  galvanometer  exhibits  in  the  closed  circait, 
in  the  ratio  of  the  sqnaro  to  the  simple  number.   (Peltier,) 

The  tension,  as  shown  by  the  electrometer  in  the  unclosed  circnit  is  not 
afloctod  by  the  siie  of  the  plates,  but  only  by  their  number.  When  one, 
pale  is  connected  with  the  ground,  the  maximum  of  tension  is  die  same, 
whether  the  Wttery  be  charged  with  river-water,  solution  of  sutphuret  of 
soda,  or  water  acidulated  with  nitric  acid;  but  iu  the  laet  case,  the  maxi- 
mum tenaion  is  instantly  attained,  more  elowty  in  the  Bccond,  and  most 
(low  ly  of  all  in  the  first.  When  the  battery  is  insnlated,  the  tenaion  is 
altogether  weakerj — strongest  however  when  the  charge  la  made  with 
livor-watcr,  weakest  when  water  acidulated  with  nitric  acid  is  used;  in 
the  latter  case,  it  often  vanishes  altogether.  (Dc  la  Rive.)  In  the  unclosed 
circuit,  the  nitric  acid  eierts  an  oxidizing  action,  not  only  on  the  linc,  but 
likewise  on  the  copper,  thereby  giving  rise  to  an  opposite  current;  but 
[when  the  circut  is  clc.scd,  the  oxidation  of  the  copper  ceases.     (Buff) 

The  middle  pair  of  an  unclosed  circuit  of  twenty  pairs  of  zinc  and 
copper  does  not  act  more  strongly  on  an  electrometer  furnished  with  a 
condenser,  than  one  single  pair  would.  The  greater  the  nuniljcr  of  pairs 
included  in  the  circuit  by  touching  one  of  them  with  the  condenser  and 
the  other  with  the  finger,  the  stronger  is  the  divergence  of  the  gold  toaveB, 
Likewise,  when  the  circuit  is  closed,  but  in  such  a  manner  that  the  current 
ia  obliged  to  puss  through  water — not  decomposing  it  perceptibly — a  cer- 
tain degree  of  tension  is  manifest,  increasing  towards  the  poles.  Even 
when  dilute  enlphurie  acid  is  used  instead  of  water,  tension  is  still  appa- 
rent, although  the  liquid  is  decomposed;  bat  not  when  the  circuit  ia  com- 
pletely closed  by  a  metallic  conductor.  Whenever,  therefore,  an  td)stacle, 
■neb  as  water,  is  to  be  overcome,  electricity  accumulates  in  the  poles 
'till  it  acquirea  svifEcieat  tension  to  overcome  th«  resistance.  (Bufi*.) 
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If  the  union  of  the  electriciliM  collected  in  tte  poles  his  been  effected 
by  connecting  the  polea  by  a  perfect  cunductor,  and  tlie  connection  U  after- 
wards broken,  the  two  electriettica  again  accmnulato  in  ike  imles  wlih. 
tiielr  former  tension.  In  piles  with  moist  eemi-conduclors,  tbis  effect  tak«l 
place  almoat  instautanoonaly;  ja  those  with  dry  fiemi-oontlftctOM,  often 
Tery  Blowjy.  So  long  as  the  polea  remain  connected  by  a  good  oondurtor, 
tb«  positive  and  negative  electricities  rapidly  generated  in  the  battejy 
continually  reoombine  within  the  conductor.  The  (iiianttty  of  electricity 
thua  ncutialited  in  a  gi?ou  time  depends  on  tho  circamstauooa  abore 
noticed. 

The  differeneo  between  the  effects  of  tho  voltaic  pile  and  tboae  of  the 
electrical  niachino  consists  iu  tho  two  following  points:     I.  By  meaiu  of 
the  laltti-j  a  largo  qiiantity  of  eloctricity  may  easily  be  accumulated  in  a 
body  of  aniall  dimensions;  in  oonaequouce  of  wliicb,  the  electricity  luqiUTes 
a  high  tension  or  a  strong  tendouey  to  coinbiiio  with  electricity  of  ibo  .j 
opposite  kind,  and  makes  its  way  through  non -con  duct  ore,  Bucb  as  the  air,  ^ 
in  the  form  of  a  spark.     On  tho  other  band,  the  tension  of  the  electricity  j 
developer!  by  the  contact  of  two  metals  is  so  extremely  small,  that,  accord- ( 
ing  to  Children,  it  requires  no  fewer  than  1250  dnc  and  copper  plates  to' 
gire  such  a  tension  to  the  electricity  accnmulated  at  the  polea,  as  will 
enable  it  to  pass  in  the  form  of  a  spark  between  two  platinum  wires  ter- 
minating in  points,  placed  at  an  interval  not  exceeding  ^  inch,  and  con* 
aeoted  with  the  poles  of  the  battery. — (2.)  But  a  small  Tottuic  batteryJ 
Moerates  in  a  given  time  a  much  greater  quantity  of  electricity  than  aj 
Wg0  olectTical  machine, — provided  tho  electricities  are  conducted  awajM 
fast  as  they  are  generated.     The  electrical  machine,  therefore,  is  bast, 
adapted  to  the  production  of  tlio«>e  effect?  which  depend  on  great  oleotriciJ 
tension,  £uch  as  the  penetration  of  air,  glassj  and  other  iniolator*;  tlttt 
Toll aie  battery,  eapect&lly  when  large  plates  are  used,  is  mo«t  eflieactoiuj 
in  producing  thoa«  «fleet«  which  dopeucl  on  the  combination  of  targe  qnaa-l 
titioa  of  electricity  in  a  given  time, — e.  g.,  an  elevated  temiK>rature  tn  tbil] 
eomluctorE  in  which  the  oombinatioQ  takes  place,  and  tho  dec«nipo»ttioa' 
of  cbemical  c^mponnds. 

Since  an  increased  nnmber  of  plates  angmenta,  not  the  quantity,  b«l 
only  tho  intensity  of  thei  current,  it  follows  that  the  number  of  pair* 
Bulled  in  the  battery  ought  to  be  different,  according  to  the  conducting 
power  of  the  body  tkrough  which  the  current  has  to  pass.  A  greater  i 
number  of  paira  than  that  required  for  completely  overcoming  tie  roeinl-' 
inco,  is  of  no  avail— and  may  even  diminish  the  quantity  of  the  tioirent, 
if  any  among  them  act  less  powerfully  than  tho  reet-     Hence  a  single 

J»nir  IB  proper  when  the  current  has  to  pass  through  a  thick  wire  only  (as 
or  magnetic  action  or  for  fusing),  a  small  number  of  pairs  when  it  liafi  to 
traverse  a  long  thin  wire,  a  larger  number  when  watery  liquids  are  placed 
in  the  circnit,  and  a  stiil  larger  number  when  the  liquids  are  divided  into 
ecpaTate  portions  by  interposed  plates.     (De  la  Rive.) 

The  greater  the  nnmber  of  pairs,  the  sooner  does  the  action  diniinisb; 
so  that  a  battery  of  a  small  numher  of  pairs  is  stronger  after  ft  time  th»n  I 
one  contain  ing  a  large  number.     (De  la  Rive.) 

Stnmgly  acting  pairs  must  not  bo  united  with  such  ae  act  weakly,. 
e.g.,  zinc  and  copper  with  copper  and  platinum;  or  pairs  acted  upon  by 
fretsh  acid  with  ptiirs  subjected  to  the  actiun  of  acid  which  has  been  used 
aed  is  therefore  eatnratedj  neither  should  largo  pairs  be  united  with  email 
ones,  The  addition  of  pairs  which  act  less  powerfully  [though  it  increases 
the  toasion]  diminishes  tho  qnatitity  of  the  current  considembly.     If  40 
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|mlra  with  fresh  ackl  jiroJaco  a  current  capable  of  libcratiag  8'4  cubic 
inches  of  detonating  grts  iu  n.  minute  by  the  (leeompnsition  of  water,  the 
<{uantity  olitaitied  in  the  flame  tirae  is  roduct'd  tn  1*1  cubic  itiijbca  wIipu 
tlipse  40  pairs  with  ficBh  acid  are  connected  wi(li  10  pairs  acted  upon  by 
'     ' '  previously  used.     (Faraday.) 

MaCtriah  of  the  Batterif. 

Zmc,  eitfaer  comiTiau  or  amalgamated,  b  almost  always  employed  as 
ttt«  p<»i^M  mtikd  of  the  battery.  But  sini^o  commoa  sine  \s  subject  to 
ordioaiy  ehemloal  actiou,  and  likewise — on  aceoant  of  alloys  mixed  with 
it — to  local  galvanic  action;  and  since  those  actions  continue  even 
while  tbe  circuit  is  open — a  great  deal  of  zinc  and  acid  are  uselessly  con- 
eumed.  By  the  nse  of  amalgramated  Kinc,  first  introduced  by  Stur^on, 
thifl  lijfl«  IB  avoided,  With  this  kind  of  zinc,  however,  tbe  current  ia 
ftoon  rwltieed  to  \  or  -^-^  of  it«  original  strength,  because  no  gas  is  evolved 
on  the  ztno,  and  tjonseqiiently  the  acid  does  not  got  well  mixed;  but  on 
I  broakit)^  contact  for  a  whiloj  the  current  regains  its  former  power. — 
Rolled  zinc  plates  are  preferable  to  those  of  cast  zinc,  which  are  less  |>are. 
N*w  plates  act  better  than  such  as  have  been  used  two  or  three  timeSj 
perbape  because  the  alloys  come  out  more  prominently  as  the  aurface  dis- 
iiolvea,  and  thng  give  rise  to  local  galvanic  action.  This  doterioration  of 
lino  pIato«  by  use  soon  reaches  itJi  limit  in  the  case  of  rolled  ziue;  but 
with  east  plates  it  goes  on  continually.  The  more  smoothly  the  plates  are 
rnhlicfi,  the  better  do  they  work.     (Faraday.) 

For  thi«  negative  metal — copper,  iron,  lead,  eilver,  platinized  silver, 
platiriuni,  graphite,  charcoal,  or  peroxide  of  lead  may  be  used. 

Ill  a  battery  of  iron,  platinum,  and  dilute  sulpLuric  acid,  only  a  small 
t{(i:inti(y  of  hydrogen  gas  is  evolved  upon  the  platinum;  but  if  the  iron 
platen  UBcd  in  this  battery  arc  united  with  Kinc  plates,  nearly  twice  as 
mnrh  hydrogen  is  evolved  upon  the  iron,  as  would  be  given  off,  if  the  eama 
zinc  platen  were  connected  with  platinum,  B^reah  iron  plates,  on  the  con- 
trary, do  not  act  more  strongly  than  platinum.     (Daniel L) 

When  the  surface  of  the  negative  metal  is  twice  as  great  aa  that  of 
tho  positive,  and  a.  plate  of  the  latter  is  interposed  between  two  plates  of 
the  former,  the  quantity  of  tho  current  is  greatly  increased  (p.  ^80). 
(Hare,  Faraday.)  Tbe  quantity  is  also  greater,  the  thinner  the  stratum  of 
liquid  between  the  zinc  and  tho  negative  metal  (p.  377).     (Faraday.) 

A  peculiarly  strong  action  is  produced  hy  silver  or  plated  copper,  on 
which  platinum  is  precipitated.  A  rough  surface  ia  first  imparted  to  the 
silver  by  treating  it  for  a  short  time  with  strong  nitric  acid;  it  is  then 
immersed  in  dilute  sulphuric  acid,  to  which  a  little  chloride  of  platinnni 
ha*  been  adJtxl,  and  connected  with  zinc  tminersed  in  dilute  snlphurio 
acid  contained  in  a  porous  tube^  thia  lube  dipping  into  the  6 rat- mentioned 
liquid.  The  platinum  is  precipitated  on  the  edver  in  tbo  form  of  a  bla«k 
powder.     (Smeo.) 

Of  carbonaceous  Buhstancca,  the  moat  servicoablo  ate  plumbago  and 
hard  gas  coke 5  then  porous  coko  and  box-wood  charcoal.  These,  how- 
ever, Boun  lose  their  power,  iu  couseouence  of  becoming  flllcd  with  hydro- 
gen; but  if  the  hydrogen  be  removeu  by  imraersiDg  thoin  in  a  solution  of 
»alphate  of  copper,  which  likewise  produces  a  precipitation  of  coplxsr 
upon  and  within  thorn,  a  powerful  battery  may  be  made  with  them. 
(ismee.) 

A  mixture  of  coal  and  coke,  strongly  ignited,  forma  a  carbonaceous 
aiM»,  which  act*  neftrly  a$  well  as  platinum,  and  ie  well  adapted  for  nee 
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oa  a<ccoaQt  of  !ta  tooacity.     (Bunsen,  Ann,  Phann,  d$>  211.)     {Comp, 
p.  392.) 

For  liquids,  tbe  following  may  be  osc»l:  spring- water,  aqueous  »olo» 
tions  of  coiinnoQ   rait,  ?al-aninioniac,  nitre,    alum,    eulpliate   of  copper, 
biiiulpliate  of  potasli,  and  other  salta,  »i|ueoo3  ammonia  or  potaeb.  m»4! 
dilute  sulpliaric,  hyidroclilono,  or  nitric  aciJ,  or  a  mixture  of  dilute  sttl-| 
phurte  and  nitric  iicid& 

Water  gives  a  continuons  current  of  email  qoantity  aod  attacks  ih» 
zinc  Unt  very  tittle.  Willi  saline  solutions,  the  cnrrent  ia  at  first  abund' 
ant,  l>ut  soon  diminishes  (p.  377).  Sulphate  of  copper  is  the  only  caJt 
that  j|pve«  a  more  permanent  current;  it  also  acts  withoat  evolution  of  gas. 

A  mixture  of  water,  eiilphurie  acid,  and  nitric  acid  (e,  y.,   100  m» 
Bures  of  water  to  45  oil  of  vitriol  auJ  4  nitric  acid)  possessea  this  adif 
tage, — that  it  not  ouly  excites  an  intense  tmJ  abundant  currentj  but 
neither  hydrogen   nor  nitric   oiide  gas  is  evolved  from  it,  because  tli 
hydrogen  evolved  from  the  water  combines  with  theuilrr)g«n  set  free  frou 
the  nitric  acid,  and  fomia  ammonia.      (For  Fyfe's  experiment*  on  th«* 
power  of  different  circuits,  vid.  Pogg.  43,  228.) 

Wlion  dilute  sulphuric  and  nitric  acid  are  used  together,  inslMil 
dilute  sulphuric  acid  alone,  in  a  battery  of  ten  pairs  of  amalgamated 
and  platinum,  the  quantity  of  the  current  (ineasureJ  by  the  Voltaiuetcrl 
ie  ne.irlv  trebled,  and  the  quantity  of  hydrogen  j^as  evolved  in  the  lUffetl 
ent  cells  is  Email  and   unequal;  but   in  live  minutes  the  current  ce 
almost  entirely,  and  is  but  imjjcrfectly  restored  by  opening  the  circuit 
When  more  nitric  acid  is  addetl,  the  evolution  of  hydrogen  ceases  entirclj 
ID  some  cells,  and  almost  wholly  in  others:  the  current  is  strengthcuc 
but  dimiaishes  rapidly.     If  when  the  circuit  has  been  closed  for  thirtj 
hours,  and  the  current  bae  almost  wholly  ceased,  the  platinum  plates 
removed  and  replaced  by  new  ones,  the  battery  will  again  act  as  etronglw 
as  at  first,  but  ouly  for  a  short  time.     The  platinum  plate,s,  which  bars 
become  inactive,  arc  not  completely  restored  by  ignition,  poliahintr, 
boiling  with  strong  solution  of  potash;  but  they  recover  their  aotivit| 
entirely  by  boiling  in  nitric  acid.     For  they  are  covered  with  zinc  p^rtljj 
crystalline,    partly   of  a    warty    texture, — the    coating    even    extending 
though  in  smaller  quantity,  to  the  side  which  is  tunied  away  from  tlw 
«inc.     The  rapidity  with  which  this  coating  is  formed,  increases  with  Ui4 
quantity  of  zinc  dissolved  in  the  liquid;  it  is  therefore  greatest  when  un- 
amalgaujated   zinc  is  used.— Every  time  the  circuit  la  broken,  the  lino 
deposited  upon  the  plaiiuum  Ji?=^olvc^  again,  provided  a  sufficient  quan- 
tity of  free  acid  be  present.     When  the  acid  liquid  holds  a  quantity  of 
copper  ia  solution,  that  metal  is  first  deposited  on  the  platinum,  aud 
afterwards  the  atnc,  but  with  less  facility.     But  when  a  larger  qu&n- 
tity  of  copper  is  contained  in  the  liquid,  the  copper  ia  precipitated  on  th© 
amalgamated  zinc,  and  causes  an  evolution  of  hydrogen  upon  it.     The 
addition  of  nitric  acid  to  the  dilute  sulpltiiric  acid  assists  the  action  by 
diminishing  the  evolution  of  hydrogen  gas  on  the  platinum,  inasmuch  aa 
it  gives  rise  to  the  production  of  ammonia  [by  which  however  the  acid  is 
so  much  the  more  qaiclily  saturated].     (DanicU.) 

Remarkably  powerful  currents  arc  produced  by  the  proper  conibiuation 
of  two  metals  with  two  liquids  (p.  389). 

With  plates  of  given  surface,  the  quantity  of  the  current  varies  accor 
ing  to  their  nature  and  that  of  the  liquid,  as  follows:  Amalgamated  zinj 
dilute  sulphuric  acid,  copper  :  0*jg; — amalgamated  line,  dilute  sulphur 
ficjJ,   pJatinized   silver   (according  to  Smee)  :  O'SSj^^^malgamated  tine 
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dilute  satpfanric  acid,  iroD  (aocoiding  to  Sturgeon)  :  0'3O  or  Itsss; — ztne 
dilute  sulphuric  acid,  stitph&te  of  coppet,  copper  (according  to  Daujcll) 
:  0'65.; — ^auiHtgamnted  xtiie,  dilute  aulplmric  acid,  cuuceutrated  uitric  acid^ 
|tlatiuuiu  (."R-cordiBjj  to  Grove):  t"09,  (Joule.) 

1.  BatterUs  with  two  Meiah  and  tico  Liquidi. 

Daniflts  Constant  Battery.  {App.  25)  An  ox-gu1)et  closed  at  tbo 
boiloiit  (or  contieclL'd  ■vvitU  a  bent  tiiUe  for  carrying  oil'  the  spent  acid) 
Cfintflinti  dilute  sHlplmric  arid  and  a  rod  of  ainatgamatcd  linc,  and  i»  fijted 
upright  ill  a  cylindrical  copper  vessel  filled  with  a  solution  nf  sulphate  of 
copper.  The  acid  in-  Ptther  coastautly  renewed  by  causing"  it  to  flow  into 
ftod  lUrougb  the  l>eut  tubo,  or  occaHiouallj  hy  pouring  it  lu  when  wanted. 
The  solution  of  sulphate  nf  copper  is  maintained  at  a  constant  strength  by 
means  of  portions  of  the  pulverized  salt  placed  in  sieves  at  the  tipper  part 
of  the  liquid.  Ffoiu  10  to  20  simple  circuits  of  this  kind  aro  united  (thg 
copper  ¥<-!sael  of  the  first  with  the  line  cylinder  of  the  second,  the  copper 
vessel  of  tfio  second  with  tbo  dnc  cylinder  of  the  Ibird,  and  eo  on,  the 
connection  being  made  by  metallic  conductors). — This  battery  evolves  no 
bydrogcn  gas,  even  when  the  ends  are  unconnected ;  the  copper  of  tbo 
isoliition  is  gradually  depoaitcd,  when  the  circuit  is  closed,  on  the  inner 
eurfacca  nf  tlie  coiiper  cylinders.  When  the  current  la  made  to  pass 
thri)nyh  acidulated  water,  the  ijimntity  of  detonating  gas  cx'olved  is 
greater  in  the  first  quarter  of  ati  hour  than  in  any  subsequent  equal 
intcrral;  but  from  that  time  the  current  remains  perfectly  uniform, — so 
that  when  the  circuit  has  been  closed  for  four  hours,  the  ijuantity  of 
detontttiug  gas  erohcJ  in  a  given  tiuie  on  passing  the  curn^ut  through 
acidulated  water,  ia  the  same  as  before.  The  amount  of  pure  chemical 
Mtiun  in  this  battery  is  very  small.  For  188*48  cub.  in.  of  detonating 
gM  evolved  in  the  decompositlun  of  water  by  a  ten-pnir  battery,  93*3 

f  rains  of  ziuc  are  dissolved  in  tbe  same  time  from  each  zinc  plate  (there- 
(le  933  gr.  for  the  whole  ten  plates);  that  is  to  pay,  only  7  2  gr.  more 
than  the  quantity  required  by  the  stoichionjctrical  proportion  of  water 
decomposed  to  zinc,  dissolved  (fl  ;  32*2). — Whilst  the  ten-pair  battery, 
"Krheii  the  zinc  ia  immersed  in  a  mis  lure  of  100  measures  of  water  and  4^ 
lueaaupes  of  oil  of  vitri(d,  liberates  3  8  cub.  iu.  of  detonating  gaa  in  5 
ininntcs,— -it  gives  2*1  cub.  in.  when  nitric  acid  is  added  to  the  sulphate  of 
copper  solution,  and  4'2  cub.  in.  on  the  addition  of  uitric  acid  to  the 
enlphuric:  the  latter  tLuantity  however  soon  sinks  again  to  3*8  cub.  iu. 
Hence  the  addition  of  nitric  acid  ig  u^^eless.  With  a  mixture  uf  100 
incfuiurcs  of  water  and  3  measures  of  oil  of  vitriol,  the  quantity  of  gas 
obtained  in  5  minutes  ig  .i  5  cub.  in.;  and  with  100  water  and  125  oil  of 
vitriol,  it  amonnts  to  11*  cub.  in. — ^Wbon  tlio  circuit  is  kept  closed  for 
five  hyurs  without  renewal  of  the  acid,  tho  qimntity  of  detonating  gas 
«volved  in  5  minntes  sinks  from  27  to  24  cub.  iu.,  and  after  2-1  hours  to 
0-3  cub.  in.;  the  acid  is  then  found  to  be  completely  saturated  with 
eiide  of  line.  If  half  the  liq^uid  be  now  replaced  by  fresh  diluto  sulphuric 
ftcid,  the  qnantity  of  detonating  gas  evolved  in  5  minutes  rlsci*,  not  merely 
to  the  original  quantity  of  "S'?,  but  to  4-2  cub.  in.;  anil  the  battery  retains 
tbia  etrenglb  for  4  bouVs,  because  the  solution  of  Bulphate  of  liuc  miixed 
with  the  liquid  increases  its  conducting  power.  The  action  remains  the  ^me 
when  the  zinc  cylinders  are  reduced  to  one-fourth  of  their  funner  length. 
Tbc  current  ia  not  increased  when  the  copper  surface  is  extended  by  the 
iotroductioa  of  a  number  of  slips  of  copper.^A  twenty-pair  battety 
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Uftkf*  a  platiDiini  wire  6  iuoUsa  lung  and  ^^i^  of  ah  incli  tbiok,  inckodeMMt 
in  th«5  air. — If  a  *inc  cylinder  in  ono  of  the  «3ella  Iw  repUoeJ  by  m  thick 
platinum  wire,  pure  oxygen  gas  \s  evolved  upon  it,  84  cubic  iucbee  in 
an  hour.  (Dauiell.) 

Jiicubi  (Electrotype,  Peter^jaFghf  1840)  places  a  plate  of  lend  or  of 
thi^ik  coi'[:*r  ruUed  up  into  a  cylinder  (uot  ijoldered,  in  onler  that  the 
precipitated  cojtper  may   bo   removed   by  unbending  it)  iu  an  obiong 
rectangular  vesael  of  cop]>er  or  lead.     Tliit*  cyitudor  toiiclies  three  sides  of  , 
tbo  v^easel.    The  space  between  it  aud  the  fourth  side  serves  to  receir**  > 
oievo-imttutnod  trough  placed  in  its  upper  part  and  filled  vrith  poundfld 
Bulphatc  nf  copper,  in  order  that  tlio  eulution  whirli  drains   thron^b  tbe 
bottom  of  tliQ  trougli  may  supply  the  loss  of  that  salt  resulting  from  the 
yalvnnic  actioti.     Within  the  lead  or  copper  cylinder  is  placed  anotber 
cylinder  uiado  of  the  thinnest  pogsibto  eartbcnwaro,  filled   with  dilute 
salpbarie  acid,  and  containing  a  zinc  uyliudor  cither  solid  or  hollow. 
The  liquid  is  withdrawn  hy  means  of  siphons  of  peculiar  constructioo ;  at 
all  erents,  the  acid  liquid  tnuat  be  removed  from  time  to  time  M  itbeeosiM 
aaturated   with  zinc.     The  earthenware   cylinders  are  soaked  in  mMt  \ 
fSYQTj  aix  or  fourteen  days,  in  order  to  re-open  their  pores. 

Instead  of  auimal  membratiM,  on  which  copper  becomes  precipitated, 
Mullias  uses  a  hollow  cylinder  of  eyoamoro  or  other  white  wood  closed 
at  the  bottom  i  he  also  uses  a  solution  of  equal  parts  of  water  and  mtn- 
rated  aolutiou  of  sal-ammoniac  in  plato  of  dihUe  sulphuric  acid.  (For  tbo  , 
other  alterations,  I'trf.  Phil.  Mag.  J.  15,  37.) 

Spencer  {Pogg.  51,  372)  Bubetitulea  for  the  ox-gullet  in  Oa&i«ll*< 
battery  a  cylinder  of  thick  brown  packing  paper,  modelled  upon  a  woode 
cylinder,  fastened  with  sealing  wax  throughout  its  whole  length  by  meiui«1 
of  a  hot  irou,  and  closed  at  bottom  with  a  thin  round  plate  of  wood  which 
has  a  circular  groove  cut  in  it,  so  that  it  may  be  tied  with  a  string  to  the 
paper  cylinder.  Solution  of  Glanber'a  salt  or  sulphate  of  ouio  \b  XiM^ 
iostead  of  dilute  sulphuric  acid, 

Or;-"a  glas.s  cylinder  outside ;  within  this,  a  cylinder  of  thin  eheot  lead 
or  the  lead  of  which  the  Chinese  tea-cani»ters  are  made,  with  namoroos 
vertical  folds,  so  that  it  has  a  starry  appearance  and  presents  a  large 
rfnco.  Within  this  again  is  place*!  a  cylimlrical  vessel  of  nnglaiterf 
fcrthenware;  and  this  contains  a  cylinder  of  Kino  surrounded  with  sulphntt 
hi  soda  or  sulphate  of  tine.  The  lead  immersed  in  the  solution  of  sulpbat 
of  copper  soon  becomes  covered  with  copjier,  and  acta  like  that  ineuu. 

Grove's  Battery.  {App.  2G.)  A  porcelain  trough  is  divided  by  parti.^ 
tions  *,  alia  of  porcelain^  into  four  oella,  a,  b,  c,  d.  Each  cell  contains 
boi  »  of  porous  earthenware.  Between  the  surfaces  of  the  cell  and  the" 
box  is  placed  a  platinum  plate  p(,  pujwing  dow^nwards  on  one  side  of  the 
cell  and  upwards  on  the  other, — ^and  in  the  earthenware  bos,  an  cunnlg 
mated  ainc  plate  i,  connected  with  the  platinum  plate  of  the  second  cell  bt 
thick  wires  screwed  on  to  the  zinc  and  the  platinum,  &c.  The  boi »'  is  fitlc 
with  water  containing  one-lifth  of  it.*  bulk  of  oil  of  vitriol,  or  one-half  it 
bulk  of  hydrochloric  acid;  and  (he  fipacc  containing  the  platinum  is  fille 
with  a  mixture  of  equal  part*  of  oil  of  viti'iol  and  strong  nitric  acid.  Thi 
apparatus  is  fitted  with  a  cover  containing  lime,  iu  or<ier  to  a^Worb  thj 
nitrous  vapours  which  are  evolved. — The  apparatus  contains  eight  ounce 
of  liquid.  It  must  not  bo  left  in  action  more  than  half  an  boor,  becanaa 
it  beconios  too  li»»t.   {Grove.      Vid.  p.  391.) 

An  instrument  of  this  kind  furnished  with  only  single  platfnnm  plates 
— oach  of  the  four  siiio  and  platinum  plates  having  a  stirfaoe  of  14  Bqn&rQ. 
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Ri,  liberates  6  cubic  iucbes  of  Jfitoimting  gas  per  minute,  when  Ibe  ooq- 
BmUiij^  wires  are  made  to  dip  into  water  acidulated  witL  aulphuric  aeid, — • 
bringi  a.  platinaiu  of  7  Jnchea  long  a.ud  j^^  of  an  iueii  thick  to  a  state  of 
briglit  ignition— and  cnuses  steel  neerll^s  to  burn  witb  brilliancy.  (Gruve.) 

A  liye-pair  Lattery  of  this  description  Laving  in  each  earthenware  cell  a 
platinuru  plate,  8  inches  long  aud  2  inches  wide,  immereed  in  nitrio  acid 
of  1-35  sp.  gr.,— and  in  each  porcelaiu  cell  a  iiuc  ptate  of  double  the  mt0 
bent  round  at  the  bottom  and  immersed  in  liydrgcLlorio  acid — -yielda  IS ' 
cubic  inches  of  detonating  gas  per  minute,  fueea  platinum  wiro  af  tlw  i 
thickiietia  of  n.  knitting  needle  in  a  few  seconds,  causes  charcoal  to  emit  k.  J 
light  of  intolerable   brilliancj,   and  will  produce  a   otaguct  capable  of 
bearing  3^  cvt.     Its  physiological  eflTccts  however  are  but  alight   [on 
account  of  the  feeble  tension  of  five  pairs].     The  current  b  likewiae  of 
constant  strength.     (Scbonboin,  Pogg.  49,  511.) 

Porcelain  cylinders,  closed  at  bottom  and  covered  on  the  piitfiide  with 
a  layer  of  platinum  burut  in^  may  be  placed  in  cylinders  of  porous 
earthenvrare  611ed  with  nitric  acid,  and  these  again  in  vessels  containing 
<rflindrically  bent  sine  plates  with  dilute  suJphurio  acid,  or  atill  better, 
sniphat*  of  zinc.  (Pfaff,  Pogg.  53,  303.) 

Instefid  of  platinum,  an  iron  rod  may  also  be  immersed  in  strong 
nitric  ftcid  contained  in  a  tube  of  gypsum,  and  the  tube  placed  in  a  vessel 
containing  dilute  eulpbtiric  acid,  in  which  ia  immersed  a  zinc  plate  bent 
into  the  form  of  a  cylinder,  After  this  battery  has  acted  for  some  time, 
tlio  acid  becomes  so  much  weakened  that  it  dissolves  the  iron  suddcoiy, 
(Hawkins,  FkU.  Mag.  J.  10,  115, — Poggendortf'a  Arrangement,  Pogg. 
54,  425.) 

When  the  following  carbonaceous  substances  oro  used  instead  of 
platiniim  in  Qrov<e'B  battery,  the  quantity  of  dotoaating  gns  evolved  in  a 
given  time  is  found  to  dimiulah  as  follows: — Platinum:  3a2j^ — grapUito: 
3'4; — gas-coko,  such  as  is  deposited  in  the  form  of  a  bard  eeaat  in  the 
retorts  in  which  illuminating  gas  ia  generated:  3'27j — well  burnt  char- 
coal: 3' IT.  The  action  of  all  these  substances  is  therefore  ne^ly  ths 
same  as  that  of  platinum.  (Cooper,  PhU.  Mag.  J,  16,  35.) — Schoubein 
{Pogg.  49,  589)  found  the  sanje  result  with  gaa^coke. — Charcoal  baring  a 
Bnrfocc  of  8  square  inches  liberates  as  much  gaa  as  platinum  7  square 
inches  in  surface.  (Smee.) 

Bunsen  {Atm.  P/ta>vt.  38,  311;  Pog/^.  54,  417)  forma  cells  of  car- 
bonaceous substance  prepared  iu  tho  manner  alrcwly  described  (p.  392), 
fills  these  colls  with  a  mixture  of  sand  and  nitric  acid,  which  is  renewed 
from  time  to  tiiiie  ti%  it  i.'!  itaed  up, — and  places  them  in  dilute  sulphurio 
acid,  also  e<:>tita!n!ng  tho  Einc  plates^,  A  battery  of  three  such  pairs  with 
zinc  plates  3  inches  wide  and  4  inches  long,  libemtos  from  38  to  45  cubio 
centimetres  of  detonating  gus  per  uiiuute, — while,  for  every  atom  of 
watfr  decomposed,  not  much  more  than  ono  atotu  of  lino  is  cfiasolvod  in 
each  cell.  Platinum  wires  of  aomo  thickness  are  made  red-hot,  and 
fiharconl  brought  to  a  state  of  dazzling  incandteceuco.  (Vid,  Poggondorff, 
-y&gg.  54,  419.) 

Wolilcr  St  Weber  (Ann.  Pharm.  38,  307)  form  two  cylinders,  open 

Dvo  and  below,  out  of  a  piece  of  polished  iron  plate:  oae  of  the  oylin- 
fcrs  ia  made  wider  than  tbc  other,  and  the  two  aro  connected  by  a  Ifont 
piece  of  metal.  The  wider  cylinder  is  placed  in  a  glass  vessel  containing 
dilulM  sulphuric  acid, — in  this  is  immerocd  an  cartbonwaro  cylindt:fr  ("illed 
with  strong  nitric  acid,^and  in  thi.'f,  the  narrower  cylinder  of  the  following 
~'he  iron  iu  tb@  sulphuric  acid  acts  like  tine,  that  in  ibo  nitric  i 
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like  'platinum.  When  the  eurrace  of  the  wider  cvliodrr  k  only  tjifee 
enuare  inttiea,  two  pairs  of  tUia  arran^ment  are  sufficient  to  raise  thin 
plfttiaum  wire  to  a  white  boat.  Tinuetl  plate  appears  to  be  preferable  for 
ininiersion  in  the  iiitrk"  acid;  it  is  pc-rhsips  most  lulvtmtiigeooa  to  have  tba 
whole  made  of  cast  iron.  ( Wbhicr.) 

Three  jtaira  of  iron  cylitidi^rs  liaviug  a  total  enrface  of  12  equare 
inches,  three  iron  cyltHders  in  nilric  acid  of  l'44£p.  gr.  aud  the  three 
others  in  a  mixture  of  7  parts  water  ami  3  parts  oil  of  vitriol,  j?ield  ^ 
of  a  cubic   inth  of  detountiug  gas  per  minute. — Five  (lairs  of  tin-pl»te 

i instead  of  due)  and  iron-plate  (instead  of  pLitinum)  having  a  total  mr- 
ace  of  83  ecjuare  inches,  vieUl  18  cubit  im-hea  of  detonating  gas  per 
minulv,  wherc^siij  an  apjiamtue  of  zinc  and  platinotn  of  the  eamo  siiayiel<lfi 
9  cubic  inches.     (VValciiKer,  Ann.  i'hann.  40,  121.) 

Aqaeous  solution  of  sesfluiebloridc  of  iron  in  Grove's  apparatus  pro- 
ducett  an  action  lees  by  one  fuurth  than  that  of  nitric  acid.  (Smee.) 

Grove's  battery  is  stronger  than  any  other  of  equal  sarfacc:  its  dis- 
advantages arcj^the  great  expense, — the  inconvenience  caused  by  nitrons 
fumes  anrl  the  use  of  curroEiTe  nitric  acid, — and  the  mixing  of  the  liquid 
by  endosmosc. 

2.  Batttries  with  luio  Metals  and  »ne  Liquid. 

A.  T/ie  nt</aJive  meiat  havltiff  ftciVc  as  mach  nirfaee  as  the  pfaitire  mettd, 

Faraday,  adopting  Hare's  method^  makes  two  rectangnlai'  bends  in 
the  middle  of  a  copper  plate  kh  {A pp.  31),  so  that  the  sides  mn  parallel 
to  one  another;  he  then  solders  the  upper  end  of  onc-h&lf  of  the  plate  to 
a>  sine  jilate  i  by  means  of  a  tent  piece  of  metal  b, — and  connects  several 
sue!)  pairs  in  fiucli  a  inauuer,  that  the  zinc  plate  of  the  first  i»hall  bo  iuflerted 
between  the  two  copijcr  plates  of  the  sncuuil,  and  kept  from  touching  tbo 
copper  hy  the  introduction  of  small  pieces  of  ewrh,  ^^  of  nu  inch  thick,— the 
zinc  plate  of  the  Boeond  between  the  two  copper  plates  of  the  third,  and  so  on. 
TLe  copper  plates  of  one  pair  are  kept  from  contact  with  those  of  the  next 
bvthe  insertion  of  thick  paper.  But  as  the  paper  becoineeGatnTUted  with 
nitric  acidj  and  this  acid  dissolves  copjier,  which  is  subsequently  preci- 
pitated on  the  zinc,  it  is  better  to  sojKimte  the  copjier  plates  by  strips  of 
glass.  The  plates  thus  arninged  are  placed  intha  division  ciof  the  double 
trough  represented  in  Aj>j>.  52.  Forty  pairs  require  a  trough  15  inches 
long,  and  100  paira  a  trough  3  feet  long.  The  double  trough  is  move- 
able round  the  axis  x.  A  quarter  revolution  brings  the  trough  b  below 
and  the  trough  er  on  the  side,  so  tliat  the  acid  liquid  runs  from  a  into  b. 
Hence  it  is  only  neceasary  to  turu  the  apparatus  a  quarter  round,  in  order 
to  bring  the  acid  in  contact  with  the  plates  or  to  dis-charge  it;  thus,  all 
unnecessary  action  of  the  arid  on  the  zinc  in  avoided.  The  inter^-als 
between  the  copper  and  zinc  in  this  apjiaratas  being  much  siualler  than  in 
the  common  trough  batteryj  and  the  quantity  of  acid  liquid  employed 
bemg  consequently  much  less,  the  liquiti  bceomee  more  quickly  saturated, 
and  must  he  more  frequently  renewed.  An  apparatus  of  this  description, 
containing  forty  pairs  with  a  surface  of  three  square  inches,  acts  as  stri»ngly 
as  an  ordinary  trougli  apparatus  (with  single  copper  surfiiee)  containing 
orty  pairs,  havijig  a  surface  of  four  square  inches.   (Faraday,) 

.S'/wiyt"//*  BafOri/  consists  of  eight  cast-iron  cylindrical  vessels,  10 
inches  high  and  3  iuchca  in  diameter  ■  in  each  of  them  i^  placed  an  amal- 
gunated  zinc  cylinder,  cotmected  with  the  next  irou  vc«eel  by  tneans  of  a 
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thick  copper  wire,  to  which  it  is  soldered,  and  fixed  into  a  wooden  th 
hieli  prevents  contact  between  tlie  zinc  and  iron.     The  vessels  contain! 
tnixtarc  of  H  parts  water  iind  1  pnrt  oil  of  vitriol  (a  mixture  whicb  aoll 
by  il^elfou  amnlgumated  zinc).     The  battery  makes  thiek  platinum  wire 
red  Lot,  yields  from  4  to  5  cubic  inches  of  detoiuiting  gns  per  minute,  and, 
tjiougli  not  exactly  con^tiitkt,  cutittnuefs  in  action  for  a  ivn^  time.  (Moh^^H 
\Poffi}.   51,  372.) — Afcording  to  Sturgeon,  the  follimiug  hattericF,  cad^| 
Ijuviug  ten  pairs  of  pliites,  with  a  siiifMO  of  lUJ  squure  iuclies,  yield  the 
following  (juuntitieb  of  liydrogen  gas  jwv  minute  by  the  decomposition  of 
wit«r:   Sturgeon'iJ,  2^;    Grove's,  24;   Smew's,   15}    Baniell's,  12  cub^^H 

ChiUrrit's  BtiUrri;  consists  of  forty  copper  and    twenty  siinc  plates, 
each  6  feet  long  and  2  feet  8  iodlies  wide,   each  zinc  plalu  being  ptaood 
lietwccn  two  dipper  plates  {Phil.  Tr.  180;>,  p,  32.  fS<^w.  I,  374;  9,  21 
16.  ^5d;  also  Gilb.  36,  334;  52,  3J3.) 

WoUaxtoua  CtU  Appuratws.  Zinc  ['plates  are  immersed  in  long  and 
deep,  but  narrow,  copper  cells,  filled  with  an  acid  li*piid.  The  first  cell  is 
ODiiQectod  by  a  semicircular  Gtriji  of  uietal  witli  the  xinc  pbite  whicb  dips 
into  tiie  second  cell,  and  bo  on.  (Coviparti  Hart,  Kd,  J.  tif  He,  4,  1!).) — 
The  afjparatns  of  the  Florentino  Museum  consists  of  six  eitic  plates,  each 
85  inclios  square,  immersed  in  &\x  copper  cells.  (iV.  Tr.  0,  1,  21IJ.)^ — If 
Ibe  cells  are  made  of  platinized  eilver  or  platinized  plated  copper  (p.  419), 
and  contain  a  mixture  of  1  meature  of  oil  of  vitriol  with  8  measures  of 
water  in  which  zinc  plates  are  immersed,  the  battery  acts  very  strongly, 
and  will  continue  iu  action  for  forty-eight  hours  without  requiring  frea," 
Id.  (Smee.) 

De  la  Rue  {PJiiL  Ma<j,  J,  9,  4M;  lO,  244)  fills  the  copper  cells  wii 
Bolntion  of  eulphato  of  copper,  and  places  an  aniiilgamated  zinc  plate  ia 
cacli  (nn  unamalgamated  zinc  plate  would  become  covered  with  copper). 
The  action  i»  stronger  th;in  with  acids,  and  uo  gas  is  evolved, 

Yoitiif/g  Batt/^tf  {Phil.  Maff.  J.  10,  24] ;  also  Potftf.  40,  (t25),  in  which 
two  cwunected  zinc  plates  are  inieqw^ed  between  two  connected  copj*er 
plates,  iu  sucii  a  nianucr  that  one  of  the  zinc  plates  is  plaoed  between  the 
itwo  copper  plates,  and  one  of  the  copjicr  pi  sites  between  the  two  nine 
tatee,  does  not  possess  any  particular  advantage. 

B.   TAe  sur/aee  oftAe  negative  metal  nut  grtater  than  tfiat  of  the  positw' 

metal. 

Simple  Tniitgh  or  Cell-Apparatus.     Oblong  troughs  of  earthenware. 
«n5  divided  into  cells  by  earthenware  paa'litiona.     liach  cell  coataiue  a 
jmir  of  [dutcii  of  the  two  motale  nut  in  contact  with  each  other;  tlie  posi> 
tiv«  plate  of  tb«  lirst  cell  is  cunuecled  by  a  curved  eitrip  of  metal  with  tli^H 
ae^tivo  plato  of  the  second  cell,  itc,  ficc.     All  the  cells  cuutain  the  saiq^H 
1i(|uid. — The  number  of  pairs  used  in  this  kind  of  battery  ia,  for  ibe  moa^^ 
part,  greater  than   in   those  prcvioudly  dcscrilwd ;  hence  the  tension   is 
gnater;  but  the  quantity,  unless  very  large  plates  are  need,  is  smaller. 

The  battery  of  the  Ho^*al  Institution  of  London  consijsts  of  2000  paira 
lof  plates,  each  plate  having  a  surface  of  32  square  inches  on  one  tide. 
[At  the  kcoh  J''.ili/k</(>ti<i(l'',   in    Paris,    there   ia  a  trough  buttery  of  (KtO 
aits  of  platc!^,  caeh  plate  having  a  surface  of  11  square  iiichcs.  (Gay-      j 
UBsa*^  &  Thonard,  Heelurchrs,  1,  1.) 

In  the  C'tti>-(ij>paratui  {Couronut  (kf  la»ifs)  a  number  of  copper  wirca 
llteot  kiicc-sbajie,  and  each  having  a  hoU  of  ziiiQ  futted  ou  to  one  of  ita  ex- 
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tremitiflfl,  an  immersed  ia  a  series  of  gUssw  oosUttiiag  dilute  itcid,  in 
such  a  iuB.niier,  tUat  tbe  zinc  end  of  eacli  wiro  dipa  ioto  one  glau  sad  Um 
oopp^^r  end  into  the  next,  Tbo  aclioa  is  liut  slight,  un  Aoconnt  of  thv 
amall  surface  of  the  metatls. 

If  tweuty-four  bent  iron  wire*  be  coveted  at  one  end  with  peroxide 
of  lead  (by  precipitation  in  the  voUsiic  circle),  ftnd  their  ends  made  l«  dip 
into  twenty-four  glasses  contaioiag  1  part  of  nitric  acid  ia  lOy  patt*  of 
water,  eacn  glass  coDtoEning  tlje  clean  end  of  one  wire  and  tW  coiUcd  end 
of  anotherj  a  battery  is  obtained  which  gives  slight  shocks,  but  lose*  ita 
power  aa  the  peroxide  of  lead  disaolvea,  (Schonboin,) — An  apparatus  of 
twelve  platinum  and  twelve  passive  iron  wires,  iiumersed  in  nitric  acid  of 
sf).  gr.  1'35,  pmduces  a  very  feeble  current,  which  scarcely  decompaeei 
iodide  of  pota.saiun],  and  hiMj  no  effect  on  enlphate  of  copper  or  acldnl&tod 
water.  (Schiinbeiu.) 

In  the  Vollftic  Pik,  properly  «o  called,  the  pairs  of  plates  are  dJjpoeed 
in  alternate  horizontal  layers,  with  pristoboard,  woollen  cloth,  or  felt, 
saturated  with  a  ealine  solution  of  clilnte  acid,  &o.  It  a«t«  like  th* 
tron^h-battery,  but  evolves  lees  electricity  in  a  given  time,  becaase  ibo 
contact  of  the  liquid  with  the  metals  is  leea  complete. 

Instead  of  plates  of  copper,  Straub  {Schttreii.  natarw.  Anttiger,  Jakrg. 
A,  S.  7,)  recommendji  layers  of  carbonaceous  matter.  To  prepare  these,  7 
parts  of  beech-wood  charcoalj  in  fine  powder,  are  mixed  with  4^  parte  of 
wheat'flour,  and  a  proper  ijuJiDtity  of  water,  into  a  p<^tei  the  paste  is 
then  moulded  by  pressure  into  flat  circular  pieces;  and  tlietse,  after  being 
dried  in  sand  in  the  open  air,  are  exposed  for  three  or  four  days  to  a  con- 
tin  nally  increasing  heat,  till  they  smell  like  burnt  bread.  They  are  then 
ground  quite  emooth  upon  sand-stone,  ignited  between  charcoal  powder, 
and  ground  again.  Before  using  them,  they  arc  soaked  in  water;  after 
BBOj  tbey  are  steeped  iu  dilute  hydrochloric  acid  to  free  tbem  from  zino^ 
,*aild  then  washed. 

Be  Lue't  or  Ean^onCa  Pile.  The  so-called  Drtf  Pile  is  usually  formed 
of  thin  sheets  of  metal  separated  by  paper, — c.  ff.,  of  discs  of  so-called  gold 
and  silver  paper,  joined  together  by  their  pa}>er  snrfacee — or  of  silver 
paper  having  ita  paper  side  smeared  with  honey,  and  then  sprinkled  with 
peroxide  of  uiangancsc.  Since  the  number  of  plates  in  these  piles  can 
OSiSily  bo  raised  to  several  thousands,  the  poles  exhibit  euHicicnt  tension 
to  give  sparks.  But  the  quantity  of  lUe  electric  current,  which  can  arise 
from  nothing-  but  the  chemical  action  of  the  hygroscopic  water  in  the 
paper  on  the  tin  of  the  so-called  silver  paper,  is  extremely  small.  Hence 
the  poles,  after  being  discharged,  take  a  long  time  to  recover  their  former 
tension;  the  pile  produces  no  ignition  of  metallic  wires,  and  does  not 
readily  exhibit  chemical  action.  It  waa  only  by  employing  plates  of 
greater  site  than  those  generally  used,  that  Bohnennerger  obtained  a  slight 
decomposition  of  water. — Tbe  pile  wlien  perfectly  dry  gives  no  more 
electricity  (Parrot,  H.  Davy),  and  the  quantity  which  it  yields  is  greater 
in  proportion  to  tbo  quantity  of  moisture  which  it  contains.  (Parrot.)  If 
the  pile  be  dried  by  surrounding  it  with  chloride  of  calcium,  and  raising 
ita  temperature,  it  will  afterwards  exhibit  no  electricity  at  ordinary  tem- 
peratures, hut  will  become  electrical  when  heated.  At  tcm|>emtnrcs 
between  70'  and  7.5^,  the  tension  of  the  poles  is  even  greater  than  in  an 
undried  pile  at  ordinair  temperaturcis.  But  when  the  poles  have  been 
discharged,  thoaccumnratioii  of  ele^itrieity  in  the  dried  pile  is  mttch  ulower 
than  ill  one  which  has  not  been  perfectly  dried.  (Jager.) 

In  tho  nudricd  pile  at^,  the  tcasion  of  the  poles  is  luezeiued  by  heat- 
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_^ to  24^j  tUo  ApplicattoD  of  a  stronger  beat  produces  no  pereeptible 

itMTeiise  of  tcDsioit.  Ib  vat'tio,  the  jfilc  oxhibita  the  same  teugiou  aa  in 
the  RJr.  If  tbe  positive  pole  be  connected  with  the  conductor  of  an  cleo- 
Irmil  machine,  the  uegativo  electricity  of  the  opposite  polo  sinks  tcv  0; 
but  when  the  negative  pole  is  connected  -nnth  the  conductor,  the  tonsioa 
of  lb»  poeitive  poio  Increases.  (Donne.)  After  the  lapse  of  some  time,  the 
tJB  of  tbe  silver  paper  becomes  didl  and  tarnished  (H,  Davy),  and  th© 
pile  gradually  loses  the  wholo  of  its  power.  (Jiigcr.) 

Comp.  Zamboni  {GUb,  60,  151);  Hoinricb,  Schiibler,  Schwoigger 
{Schw.  15,  113,  12B,  132);  Jager  (Gilb.  62,  227);  Donn6  {Ami.  C/dm. 
Fhya.  42,  71,— iibstt.  Svkw.  58,  «1);  RosencLiild  iPcgg.  43,  HJ3,  and 
4iO,) 

8.  JiatlerUt  contisttnff  of  ojw  Metal  and  one  L  iquid. 

If  square  pieces  with  long  tails  bo  cut  out  of  zinc  or  tin-foil,  and 
placed  in  about  thirty  watch-glassefl  Blled  with  water,  and  arranged  near 
one  another,  so  that  a  square  may  lie  in  one  watch-^daaa  and  the  strip 
aitai:heil  to  it  in  the  next, — and  consequeiitly  each  watcli-glaes,  eipepting 
the  first  and  last  may  contain  a  square  ana  a  strip  belonging  to  two  dif- 
ferent pieces  of  m^tal, — the  arrangement  thus  produced  will  be  Zamboni'n 
I'lU  of  two  Hlftnenta.  In  euch  a  ca«e,  according  to  Zamboni,  tho  first 
Tratcli-gtaBfl  into  whicb  tbe  first  square  dips,  or  tbe  pole  towardu  which  aJl 
the  aquaros  are  directed,  is  negative, — nnd  the  laet  watch<glass  into  which 
llie  lakl  strip  dips,  or  the  pule  towards  which  all  the  stripa  are  directed, 
potitive.  With  copper-foil,  the  opposite  arningemeiit  of  the  poles  takes 
place.  fAccordinjf  to  this,  tbe  ptecoof  zinc  or  tin  of  greater  surface  mast 
bo  negative  towards  that  of  smaller  surface,  and  the  contrary  with  cop- 
per.] But,  according  to  Emian,  the  positive  pole  in  the  lino-foil  arrango- 
luent  is  that  towards  which  tlio  squares  are  directed,  and  the  negativa 
pole  that  towards  which  all  the  point*  are  directed;  the  contrary  with 
silver.  According  to  Krmaii,  also,  the  current  continues  for  two  days 
only  at  the  utmost,  and  may  then  he  reproduced  for  a  shorter  time  by  tne 
addition  of  common  salt  to  the  water, 

If  pieces  of  so-called  gold-paper  (or  eilver-paper)  be  formed  into  a 
pile,  the  metallic  pole  of  this  pile  is  positive,  the  paper  pole  negative. 
(Erman.)  [le  the  surface  of  the  metal  which  h  turned  towards  tbe  paper 
loH  smooth  than  the  outer  surface?] 

If  eighty  rino  plates,  4  square  inches  in  surface,  poliehod  on  one  aide 
and  rough  on  the  other,  bo  placed  in  a  wooden  trough  at  the  distance  of 
1  or  2  millimetres  from  one  auotbor,  so  that  tbey  may  bo  ecparated  by 
thiu  strata  of  air,  and  one  pole  of  this  pile  be  conuectctl  with  the  electro- 
scofic,  the  other  with  tbe  ground, — the  electroscope  receives  a  considemblo 
charge.  Tbe  two  surfaces  of  the  sine,  being',of  dift'erent  degrees  of  smooth- 
new,  act  like  two  metals,  and  the  film  of  air  supplies  tbe  place  of  a  liquid. 
(Watkins,  I'off^.  14,  386.)     [This  desenros  verification.] 

On  fitiiug  a  number  of  copper  vessels,  1,  2,  3,  4,  5,  6,  7,  8,  with  dtlnto 
■uipburic  acid,  cannccting  I  with  2,  3  with  4,  5  with  (S,  and  7  with  «,  by 
BflMia  of  brass  wirc8,— nn  the  other  banil,  2  with  3,  4  with  .5,  and  (I  with 
7,  by  mtMU  of  bandies  of  thread  Jialurtitod  with  snlt-wat^r, — aiidi  heaitiitg 
only  the  vessels  1,  3,  5,  and  7, — a  current  is  pro<luceil,  suftiL-ieut,  when 
fenrt«»ti  TO«sele  are  aswl,  to  decompose  water,  if  the  electricity  bo  con- 
duotrd  through  that  liquid  by  tneana  of  brass  wires.  As  the  heated  ves- 
sols  cool,  tbe  current  ceases.  (Sohweiggor,  Jf.  OM,  0,  70*-) 
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4.  Batteries  conneling  of  one  Metal  and  luro  or  three  Liquidg, 

If  a  number  of  U-tubes  {App.  5)  be  filled  on  one  side  witL  conoMr 
tntod,  on  ihe  other  with  dilute  sulphuric  or  Ditric  acid,  and  connected  hj 
area  of  t!ie  same  metal  dipping  into  tbe  liquids — e.ff.,  tin,  lead,  iroOj«»^ 
per,  or  silver — an  efficient  battery  ia  obtained.  Willi  eulpliiuric  acid  aod 
iron,  posiiivc  electricity  goes  from  the  end  of  tlie  are  wliicli  dips  into  the 
dilute  acid  to  that  whirh  dips  into  tlie  strong  aoid;  the  contrary  with  tin 
and  eul]ihurii'  acid.   (Farnday,  p.  400>) 

If  one  end  of  the  copjtcr  arc  be  immersed  in  solution  of  liver  of  enl- 
phur,  the  other  in  dilute  eulphuric  acid,  the  solution  of  liver  of  aulphur 
being  connected  with  the  acid  by  a  film  of  solution  of  commou  eaat,  a 
powerful  liattery  is  prcntuced.  (H.  Da^-y) 

In  a  pile  consistinfi;  of  the  following  elementa — cloth  satnrated  with 
water,  plate  of  metal  (lead,  copfwr,  or  silver  plates  answer  best),  cloth 
soaked  in  solution  of  liver  of  sulidiur,  cloth  soaked  in  water,  plate  of 
metal,  &c. — positive  electricity  goea  thrungb  the  metalltc  arc  from  tbe  la^t 
element  to  the  J5rat.  (H.  Davy.) 

5.  Grove's  Gas  Batterij. 

%  This  batteiT  consists  of  a  series  of  tubes,  eontaibing  strips  of  pJ*- 
tiniim  foil  covered  with  a  pnlTcrnlent  depoeit  of  tbe  same  inetul.  The 
tubes  (ire  arranged  in  pairs  in  separate  vessels  of  dilate  sulphuric  acid; 
and  of  each  pair.  One  tube  ia  tliarged  with  oxygen  and  the  other  with  hy- 
drogen gas,  in  quantities  such  as  to  allow  the  platiaura  to  project  above 
the  dilute  acid  into  the  atmosphere  of  gas  in  the  npper  part  of  the  tube. 
The  platinum  in  the  oxv^^n  of  one  pair  is  metallically  connected  with 
tbe  platiiHtm  in  the  hydro<^<u  of  the  uex^t;  and  thus  a  ecriea  may  be  com- 
posed of  any  iiuuibcr  of  pairs. — A  battery  of  four  cells  constructed  in 
this  manner  will  decompose  acidulated  water;  a  single  cell  will  decom- 
pose iodide  of  pota&siuui;  add  twenty  pairs  will  produce  very  powerful 
effects, — such  as  giving  a  shock  w  bich  may  1m3  felt  by  several  persons  at 
once,  producing  a  brilliant  light  between  charcoal  points,  &c.  ^V^heu  the 
poles  are  unconnected,  a  gold-leaf  elect  roecopo  connected  with  either  of  lUem 
IS  seiieibly  deflected.  When  distilled  water  is  substituted  for  acidulated 
water  in  the  cells  of  the  battery,  tho  effects  are  similar  but  more  feeble. 

The  current  uf  positive  electricity  proceeds,  within  tlitbttUery,  from  the 
hydrogen  tube  to  tlio  osygon  tube  in  the  mmt  pair, — so  that  in  th<;  foUet- 
melfr,  the  platinum  connected  with  the  tenninal  oxygen  tube  of  the  battery 
becomes  the  poeilive  pole  or  anotle  (vid.  ElectrolyHis,  p.  431).  In  fact, 
the  liydrogen  iti  the  battery  tubes  is  tbe  oxidabfe  borly,  acting  like  the 
zinc  in  the  ordinary  battery.  Both  gases  iu  the  battery  tubes  are  ab- 
sorbed,— but  the  hydrogen  twice  a^  fast  an  the  oxygen.  It  is  essential 
that  the  platinum  plates  bo  immersed  tn  the  gasca  as  well  as  in  the  liquid: 
for  when  these  plates  are  made  so  (•hort  as  not  to  jirojeet  above  the 
liquid,  no  action  takes  place.  The  use  of  the  finely  divided  platinum  is, 
of  course,  to  increase  the  surface  of  contact.  The  rationale  of  the  action 
appears  to  be  as  foUowe:  "  VYhcn  the  circuit  ia  completed — at  each  point 
of  contact  of  oxygen,  water,  iiTid  platinum,  u  molecule  of  bydroj^ri  leaves 
its  associated  uiolccule  of  oxygen  to  unite  with  a  molecule  of  the  free  gas; 
the  oxygen  thus  throwu  off  unites  with  tho  hydrogen  of  the  adjoining 
mok'culo  of  wntor;  anil  so  on, — till  the  lat't  molecule  of  oxygen  unites 
with  a  molecule  of  free  hydrogen: — or  we  may  conversely  aseonio  that 
the  action  commences  iu  tho  hydrogen  tube," 
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Mr.  Grove  likew^ise  tried  varitnis  otiicr  coraliiiiationa  of  gasos,  viz. 
eblorine  and  hydrogen,  clilorine  and  carbonic  oxide,  oxygen  and  nitrtms 
oxide,  oxygen  and  nitric  oxide,  hydroj,fcn  and  earTxmic  tixidc,  &c.;  1ml 
none  of  them  were  futind  t«i  be  iwlapted  for  octiiat  use  in  tbn  bdltery, 
Cblorinc  and  hydrogen  gave  a  powerful  current;  but  the  rnind  aUEorp- 
tioti  of  the  cLlorine  soon  pnt  a  stop  to  the  action.  Chlorine  and  oxygen, 
on  tbe  one  aide,  and  hydnvgeii  aud  carlnvnic  oxide,  on  the  other,  were  the 
only  gases  wLich  appeared  to  be  decidedly  aipable  of  combining  olectr*- 
syntlieticftlly,  gu  as  to  prodncfl  a  voltaic  current.  Tlio  other  combina- 
tionii  proiluueti  no  effect,  excepting  for  the  first  few  miimtoa.  Olefiant 
gas  abould  perhapa  be  excepted:  it  appears  to  give  a  eontinnous  but 
feeble  current.  The  vapours  of  bromine  and  iodine,  were  they  less  solu- 
ble, vruuld  probably  also  be  found  efficient  as  electro-negative  gases, 
{MiL  Micj.  J.   21,  417;   24,  268,  34U  and  i22,)     T 

L     Eltclncity  dciiel<iped  bif  the  Vital  Pme^ts. 

C?ert-ain  fisthca,  as  Torpedo  iinimacufata,  mainnorata,  Gixlvanii  (the 
Electric  Ee)),  and  Na?ke  (the  Electric  Ray);  Silurn^  fleelrieti^;  Teirandoti 
elfctrints,  and  Gi/mnoi7ts  elecfricuB,  have  the  power  of  conistantly  genemting 
tbe  two  electricities  in  their  bodies,  in  large  iiwantity  and  of  conaiderable 
tension,  and  imparting  electric  shocks. — In  the  Electric  Ray,  negative 
electricity  proceeJa  from  tbe  nuder,  positive  electricity  from  the  upper 
Bnrface  of  the  body.  The  electricity,  when  conducted  away  liy  wires, 
acta  ui>un  the  magnetic  needle,  and  decomposes  li(|uids.  (J.  Davy.) 
Sparks  niay  also  bo  obtained  from  tie  Electric  Ray  by  means  of  a  pecu- 
liar apparatus.  (Linari  <k  Matteucci.)  Comp.  Humboldt  (Ann.  Chitn. 
Fktfx.  11.  415);  J.  Davy  {PkU.  Tmm.  1829,  15;  also  Sthw.  57,  17;  also 
fogg.  le,  m\,'-Pkd.  Trans.  1832,  2.^*9;  alao  Po(/;j.  27,  542);  Linari  & 
Malteiicei  (Pogff.  3$,  292);  Mattencci  {Poi/g.  30,  485);  Linari  (Porrj.  40, 
04a);  CoHadoii  <Poi7;7.  39,  411). 

H  Faraday  has  oxaniinod  the  electric  force  of  the  Gynmottis.  He 
finds  that  the  sbuck  is  strongest  when  one  baud  is  applied  to  tbe  head 
and  the  other  to  the  tail, — and  diminialies  in  force  ae  the  points  of  con- 
tact are  brooght  closer  togetliGr.  Tbe  galvanometer  was  affected,  and 
iodide  of  potassium  decomposed — in  «;ucli  a  manner  an  to  show  that  the 
current  proceeds  from  the  anterior  towards  the  posterior  part  of  the  fish. 
The  gpark  vas  also  obtained  by  means  of  a  magneto-electric  coil.  When 
the  ebock  was  strong,  it  was  like  that  of  a  larg*  Leyden  battery  charged 
to  a  low  degree,  or  Unit  of  a  voltaic  battery  of  perhaps  oue  hundred  and 
forty  or  more  pairs,  of  which  the  circuit  is  completed  for  a  minute  only. 
{PhiL  Tram.  1839,  I,  1;  Phil  Mag.  J.  14,  211.) 

The  spark  had  previously  been  obtained  from  a  g'l-mnotus  by  Fahl- 
berg  aud  Guiean.  (De  Gi/mnoto  liectricoj  Tubingen,  1819.)     If. 


II.       IjfPLlTEXCE   OF   EtErTRICITT   ON   THE   CbBUICAL   NaZCVB  OF 
FuKDEHAULR   S 17  QST ANOSB. 

1,  Combitititioftt  hnughi  about  bi/  Electrical  Infinenee. 
The  combination   of  the   two   electricities  often  causea  combustible 
bodies,  which  may  bo  present  at  the  place  of  combination,  to  unite  with 
oxygen,  chlorine,  &c. 
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To  tills  elaae  of  oSetcie  belong  the  inflammiition  of  a  mixture  of  oxyg«n 
with  hydrogcD  op  other  cotnbiiJitiblii?  gasc>s,  ot  of  eblorine  with  kjdrogm, 
by  th<?  siiuple  electric  spark;  of  alcokol,  ether,  colophony,  and  gvnpomittr 
by  slight  eloctrto  discharges  or  by  the  simple  epBrk;  the  numinf  •! 
various  metals  in  the  form  of  thin  wire  or  foil,  when  the  combination  of 
the  two  electricities  tnke«  place  within  tUeif  Bubstanoe,  and  of  charcoal 
by  (ftrong  electric  shocks  or  by  the  galvanic  battery;  and  the  combination  ^J 
of  nitro^n  with  oxygeUj  when  electric  aparkfi  aro  made  to  pass  for  a  long  |H 
time  through  a  iniiture  of  those  two  gases.  According  to  Faraday,  lai^  ^% 
eWtric  sparks  pulsed  over  litmua  paper  produce  nitric  add  nufficieut  to 
rpdrten  it. 

In  most  of  these  cAaea,  eloctriclty  appears  to  act  by  the  d^Telopment 
of  hM,t  which  aroos)p«ii9s  the  union  of  ila  two  kindt:  it  nttist,  however, 
act  in  a,  different  matiner  in  the  conihination  of  oxygen  and  nitrogen,  wnce 
this  combination  is  not  effected  by  heat.  In  this  ca*e,  as  in  the  inflam- 
mation of  hydrogen  by  a  email  electric  apark,  the  compression  which 
the  gasea  austain  in  tljc  passage  of  the  epark  must  also  be  taken  into 
account 

3.  Decompoti(U>m  produced  by  the  action  of  Eleetrieiiy. 

When  the  two  electricities  arc  made  to  enter  a  compound  body,  either 
Ktlld,  liquid,  or  gaseous,  which  ia  not  a  perfect  conductorj  the  compound 
ta  fi^uently  resolved  into  its  clemonts, 

A.     Decompoaitioiis  produced  by  repeated  Electric  Discharges. 

When  the  combining  eleelricitiea  are  endued  with  high  intensity,  and 

their  Union  takes  place  in  the  furtn  of  a  sucgessioa  of  sparks  in  a  coin* 
pound  mis  or  a  compound  solid  body,  decomposition  of  the  eomponnd 
often  takca  place.  Tliia  cflect  may  in  some  cases  be  dno  to  the  high 
teroijerature  pro<lucod  by  the  electric  dischiuge,  since  many  of  the^  de- 
Oompositiona  may  aba  be  produced  by  heat;  but  this  ij  not  always  the 
case. 

Repeated  Jigcharges  from  tha  cororaou  electrical  battery  decomposo 
oxide  of  mercury  into  mercury  and  oxygen  ga<i,  Bonnijol  decopipo«n>4 
chloride  of  silver,  and  even  hydrate  of  potash  enclosed  in  glass  tub«s,  by 
repeated  electric  aparka;  the  silver  Bcpamted  in  ten  mioul«e;  the  {>ota»- 
sium  burnt  immediately  after  separation. 

Continued  dischargee  from  the  common  battery,  or  even  simple  eleo- 
trio  aparks,  partially  decompose  carbonic  acid  gas  into  oxygen  and  car- 
bonic oxide,  olefiant  gas  and  light  carhuretted  hydrogen  into  carbon  and 
hydrogen  gaa, — likewise  filiosphuretled  hydrogen,  eulpburotted  hydrogeu, 
hydriudic  acid,  hydrochloric  acid,  and  ammonlacal  gsieea,  into  phosphorus, 
Bulphur,  iodine,  chlorine,  and  nitrogen,  on  the  one  band,  and  hydrogen  on 
the  other. 


B.     Decompositions  produced  by  the  continuous  Discliarge  of 
Electricity  of  stjmll  Tension. 

If  the  two  electricities  proceeding  from  the  polea  of  a  yoltaic  battery, 
or  any  other  Bnitable  scarce,  be  mnoe  to  flow  turongh  two  gooil  condnc- 
torsj  not  in  contact  with  each  Other,  into  a  coiupouBd  liquid,  the  thrtw 
loUQwiug  cas(?s  may  arise.  
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.J.  The  liquid  conducts  the  eiectnc  current  venf  well,  and  gives  pas- 
to  it,  witliout  undergoing  any  alteration. — TLis  is  the  caee  witli 
■tions  of  various  metals  in  mcrcurj,  a»d  with  fused  aJloji. 

2.  It  completely  stops  the  curreut,  aad  suffers  no  dcooiiipraition: 
lif,  huwever,  the  electricity  poasessea  great  intensity,  it  may  force  a 
jpfixsage  mechanieally  through  the  liq^uid. 

3.  The  liquid  altowa  inor^  of  lc«a  i-eaJily  the  couttonul  ingresa  of  the 
two  electricitiefi,  but  is  at  the  same  timo  decomposed;  and  only  in  so  far 
oa  the  decomposition  goes  on,  is  the  passage  of  the  current  possible, — bo 
that  the  (appn.reat)  conducting  power  of  the  liquid  is  directly  proportional 
to  its  deconiposthiUty,  or  eUo  identical  with  it.- — To  this  c!n«s  belong  all 
liquids  ineutioucd  on  page  311,  under  the  head  6,  with  the  exception 
of  hued  protiodide  of  mercnty,  which  conducts  well  without  being  de- 
composed. 

All  gases  act  sm  non-conductors,  and  ar«  not  decoinpoeiblo  by  elec- 
tricity of  small  tension.  Solid  compounda  likewise  resist  decomposition, 
ia  coascqiiciicc  of  the  immobility  of  their  particles,  excepting  when  tbey 
ate  in  contact  with  liquids  on  which  the  electric  current  acts. 

In  the  decompoBition  of  liquids  of  class  3,  the  elements  are  atwayi 
liberated  close  to  the  conductorH  by  which  the  two  electricltieB  ar«  in- 
troduced,— and,  acconling  to  their  diflerent  natures,  are  cither  OTolved 
in  ga»-bubblea  or  depoHited  in  the  solid  form,  or  dissolve  in  the  ande- 
composed  portion  of  the  liquid  surrounding  the  conductor,  or  combine 
ebpniicaJly  either  with  the  conductor  or  with  other  elements  of  the  liquid, 
thereby  giving  rise  to  JiriconUar)j  Fioduds. 

The  two  good  eondnctors  hy  which  the  two  electricities  are  intr<>» 
dncod  into  the  liquid  are  the  Fohr  Crnidudort,  Polar  Wira  (they  may, 
however,  consist  of  charcoal,  £!7^i]ihite,  or  mercury),  or  Faraday  s  EI40- 
<rfi(f«.— The  conductor  which  introduces  the  positive  electricity  is  the 
Potitive  Polar  Wire,  Faraday's  ^tnorff,  Smee's  Ojcorftf,  Gralianrs  ^jncotfo 
or  Mitwoid.- — The  conductor  which  introdnoes  the  negative  cloctricity  i* 
tho  Nfgnt-k't  Polar  Conducforf  Faraday's  Cathode,  Sniec's  Hifdrogodt, 
Qmhnm's  Plaiinndc  Or  Okhrotd, — The  liquid  decomposed  by  the  eloctrio 
current  is  Fanwlay's  JSledroli/te,  and  the  decomposition  proJuce<l  by  eleo- 
trioity,^  Eltctrobjsis. — The  elomentfl  of  the  liquid  evfdved  on  the  polar 
I  conductors  are  Faraday's  Ions;  the  electro-ucCTtive  elements  evolved  at 
{(lie  positive  conductor  or  anode  being  culied  Ai\iom,  and  the  electro- 
potitivo  aLementa  evulved  at  the  negative  conductor  or  cathode,  Catiant, 
— The  reesel  in  which  the  decomposition  of  the  liquid  takes  place  is 
cali^d  tho  Bteomponng  Cell, 

[Electrolytes  must  be  regarded  as  non-conductorB,  which,  though  they 
may  bo  broken  through  by  electricity  of  high  tension,  will  not  allow 
electricity  of  low  tension  to  pass  quietly  through  them.  In  the  latter 
therefore,  tho  two  cleetricities  are    unable  to  eotebine   with    one 

ther;  but  they  may  unite  with  the  elements  of  the  liquid.     It  ha?  been 

amed^pp.  157  and  342)  that  hydrogen,  when  in  the  free  state,  contains 
negative  electricity,  and  oxygen  positive  electricity  combined  with  it, — and 
that  when  thcee  two  bodies  unite,  tho  two  electricities  combine  together 
and  fonn  beat,  which  is  partly  set  free,  and  partly  perhaps  remains  com- 
biricd  with  the  water.  Now  when  negntive  electricity  flctn  on  one  part 
«f  the  water^  and  positive  electricity  on  another,  the  former  unites  with 
I  hydrogen  of  the  contiguous  atom  of  water,  the  latter  with  the  oxygen 
other  a,\4jm  of  water:  hence  hjdrogen  ga«  is  evolved  at  tho  cathode, 
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and  ftxygCD  at  the  anode.     The  electric  fluids  entering  th«  liqattt  *ith  ( 
certain  t«tigion,  and  in  a  certain  qaantity,  their  affinity  for  oxygen  i 
hydrogen  overcoinos  tlic  mutual  attraction  between  tbojie  demoote, , 
wliai  in  llic  sanio  manner  as  Hit'  increased  affinity  of  calurtc   ft»r 

.jlciJ  at  a  red   licut  deconijioaes  carbonate  of  lime.     Jloreover,  wl 
ym  of  hydrogen  18  evolveti  at  the  negative  conductor,  and  aa  atom 

M>xvgen  at  t!ic  poaitiro,  a  transjKisition  of  atoma  (as  descrilxMl  at  p.  343,; 
iaies  place  tliroughont  the  row  of  atoms  of  water  lying  hotween  tbea^l 
points;  so  tliat  the  Iwuid  in  the  middle  remains  quiet,  aud  no  (ransfc 
of  matter  from  one  eWtrofle  to  the  other  can  be  detected.  The 
however,  tfie  distance  between  the  puintd  at  which  the  eleotrode-a  dtp^ 
the  liquid,  and  the  greater,  tlierefore,  the  number  of  atoms  which  mui 
be  transposed,  the  higher  will  be  tho  electrical  tension  reqaiTe4  to  oveii 
come  this  resistaocc. 

As  with  water,  so  also  with  aJ!  other  electrolytes; — their  cation, 
metal  for  example,  resumes  the  negative  electricity  which  it  had  lost 
comhining  with  the  anion,  such  as  chlorine,  bromine,  iodine,  &c., — a 
thta  again  resumes  its  positive  eletrtrioity.     In  all  these  case^  the  noKV-J 
tivo  electricity  which  the  cation  takes  np  mngt  corre^wnd  to  the  posttivf"^ 
electricity  taken  up  by  the  anion,— that  13  to  aay,  the  reqall>}d  quantities  oi 
electricity  triuiit  be  to  onQ  anoth$r  in  the  proportion  in  which  thtjy^  cu&t^ 
bine  to  form  heat. 

When  the  oxygen  liberated  at  the  anode  is  not  evolred  as  gas  but 
combinca  with  the  anode — e.  g-.,  when  the  latter  consists  of  iinc — we  may 
suppose  that  the  nc^tive  electricity,  as  it  is  set  free,  eombincs  with  Um 
positive  electricity  proceeding  from  the  lattery,  and  that  in  this  ease  the 
decomposition  is  effected  by  the  affinity  of  negative  electricity  for  Lydrogen 
and  of  zinc  for  oxygen. 

According  to  this  view,  electrolytes  are  not  really  conductor!*, — they  do 
not  permit  the  conibinntfon  of  the  two  electricities, — no  electric  current 

S asses  through  them, — but  their  elements  continually  take  np  the  clectiii 
aids  as  they  enter,  and  thus  give  rise  to  a  constant  current  in  Uie  ele 
trcMles.  The  apparent  conducting  power  of  electrolyteis  is  gr«iter  ther 
fare  in  proportion  to  the  facility  witli  which  they  are  decomposed,  tlij 
is,  to  the  rapidity  with  which  their  elements  take  up  the  electric  fluid* 
proceeding  from  the  batteiy,  and  Peparatc  from  the  liquid. 

We  !»re  at  present  nnable  to  explain  why  pure  water  resists  the  trans 
pofiition  of  ita  atoms  with  greater  force  than  water  conibjned  with  acid 
or  ^t£.] 

[The  theory  hero  given  of  decomposition  by  the  electric  current  ia  in 
the  main  the  same  as  that  of  Grotthuss.  {Ann.  Chtm.  58,  65;  63,  34.) 
That  philoiiOpher  likewise  6U]>]>o.sied  that,  in  the  deconipusition  uf  water, 
positive  electricity  e-onibines  with  the  oxygen  of  the  attnu  of  water  lyind 
next  to  the  po.'sitivo  wire,  and  ne^Tttivo  electricity  with  the  hydrngen  of 
the  atnm  of  water  next  to  the  negsitivo  wire,  and  that  between  Iho  twq 
poles  transposition  of  atoms  takes  place.  The  production  of  flame,  whicb 
aocompanica  the  combination  of  oxygen  and  hydrogen  gas,  was  likewiso 
attributed  by  Grotthuss  to  the  combination  of  the  positive  electricity  in 
tlie  oxygen  with  the  negative  electricity  in  the  hydrogen.  The  only- 
difference  between  hi.'i  theory  and  the  preeeding  is  that  he  supposes  a 
linear  transposition  of  atoms  to  lake  place  (something  like  that  repre- 
sented in  App.  23,  instead  of  a  semicircular  up  and  down  motion.  Sijj 
H.  Davy  (Gi(k  28,  39)  and  W.  Henry  {Ann.  Phil.  I,  465)  propounded] 
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vwws  simiJar  to  that  of  GroUhuss.  Becquerel  {Ann.  Cfiim.  PAj/s.)  sap- 
|MMQ8,  OS  I  do,  that  tho  atoms  move  in  scraidrcles  one  over  the  others 
AcoordiD^  to  PafaJaj  (Phil  Tranit.  1833,  II.,  675;  aUo  Po^j^.  32,  401), 
who  admits  but  one  kind  of  electricity,  clectrolytjc  decomfMsition  is  the 
resnlt  of  a  peculiar  corpuscular  action  developed  in  the  direction  of  the 
earrent ;  ii  proceeds  from  a  force  whieh  is  cither  addod  to  the  affinity  of 
the  bodie8  present  or  iletermines  the  direction  of  that  force.  The  decom- 
posing t>odv  is  a  mass  of  acting  particles,  of  which  all  that  lie  in  the 
conrse  of  tho  current  c^nitribute  to  the  terminal  action;  and  in  conso- 
qaence  of  the  utKnity  between  the  ekmenta  being  weakened  or  partially 
neutralized  by  the  current,  pfiralle!  to  its  own  course  in  one  directioD, 
and  stfL'tigthened  and  assisted  in  the  other,  the  combined  particles  acquire 
ft  t«ndc"rj  tn  mme  in  ditlorent  directions.  The  particlefl  of  one  eleineDt 
a  cannot  travel  from  one  pole  to  the  other,  unless  they  meet  with  particles 
t>f  an  opposed  suhsttiucc  t  ready  to  move  in  the  opposite  direction.  For, 
ta  conwquencR  of  their  increased  affinity  for  these  particles,  and  the 
diniinntion  of  their  nffinity  for  those  which  they  have  left  behind  them  in 
their  way,  they  are  continually  driven  forward.  Faraday,  therefore,  like- 
wise eupposM  a  trausposilion  of  particles.  According  to  De  la  Rive 
{Ann.  dim.  P/ii/f.  28,  IJiO),  tho  positive  electricity  which  enters  a  liipiid — 
water  for  example — combines  with  the  hydrogen,  setting  the  oxygen  free, 
aiid  carries  the  hydrogen  rapidly  along  with  it  through  tho  wholo  lua^s  of 
liquid  till  it  reaches  the  negative  wire;  it  then  enters  the  wire,  while  the 
hydrogen  combined  with  it  escapes  in  the  form  of  gas.  At  the  same  time, 
tue  negative  electricity  proceeding  from  the  negative  wire  liberates  hy- 
drogen from  the  contiguous  atom  of  water,  carries  the  oxygen  of  the  same 
atom  over  to  the  positive  wire,  enters  the  wire,  aud  sctsi  the  oxygeu  free. 
Hence  the  oxy^jen  gjw  evolved  at  the  positive  pole  proceeds  from  two 
BAXircea — half  from  tho  poaitiro,  and  half  from  the  negative  current;  simi- 
lariy  with  respect  to  tho  hyitrogon  gas, — This  view  is  mainly  liable  to 
the  objection,  that  when  tho  polar  wirea  dip  into  two  difl'ercnt  liqnida,  the 
anions  of  tho  liquid  which  is  in  contact  with  the  neg.itivo  wire  usually 
require  a  long  continued  action  of  the  current  to  bring  them  to  the  positive 
pole,  and  sometimes  do  not  reach  it  at  all ;— similarly,  with  regard  to 
the  piLKsage  of  the  cations  of  the  other  liquids  towards  the  negative  pole. 
For  example,  when  solution  of  sulphate  of  magnesia  la  placed  in  contact 
with  the  positive  pole  and  water  in  contact  with  the  negative  pole,  no 
ina^caia  is  eet  free  at  the  latter,  the  whole  of  that  substance  being  pre- 
cipitated at  the  surface  of  separation  of  tho  two  liquiila.  According  to 
Biot,  a  liquid  placed  in  the  voltaic  circuit  divides  Itself  into  two  halvea, 
one  of  which  acquire?  a  positive  the  other  a  negative  electrical  tension. 
Ench  clement  of  the  liquid  then  goes  towards  that  eide  which  is  charged 
with  the  kind  of  electricity  opposite  to  its  own,  and  thus  decomposition 
ensues.  But  the  evolution  or  precipitation  of  the  elements  docs  not  take 
place  througbout  the  two  hal  vca  of  the  liqaid — but,  for  the  most  part,  solely 
|thc  polar  wires.] 

Ekctrulytes,  Ions,  and  Products  of  Decomposition  in  gcneraL 

Acoordlug  to  Famday,  only  those  compounds  of  the  first  order  are 
directly  decomposible,  which  contain  one  atom  of  one  of  their  elements 
for  each  atum  of  tho  other, — ?.  fj.,  compounds  of  1  At.  hydrogen  or  metal 
with  1  At.  of  oxygen,  iodine,  bromine,  chlorine,  fluorine,  or  cyanogeo, 
Ac.     On  the  other  baud,  boracic  acid  (B  0'),  eulphurooa  acid  (S  0'),  eul- 
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pharic  neiA  (8  0'),  ioJi<le  of  sulplnir,  chloride  of  uliot)>liotua  (PCI*) 

(P  01*).  cUloritIc  of  siiltthnr  (S'  CI),  chlori.lci  of  carljon  (C*  Ci*),  bicblo 
of  tin  (So  Ci').  tercLloride  of  arsenic  (As  CP),  qiiintocblorWo  of  untimDU 
(Sb  Ci*).  and  acetic  acid  in  tho  liquid  but  anhydrous  «tat«,  are  tinJct-ww- 
pArihlp  and  acta*  non-coMdnclors.  Oxide  of  antimony  and  tcrchloride  of 
nntimonv,  which  are  decomposibte  in  the  fused  state  (the  latter  how«TW 
bal  sli^rlitly),  form  an  exception  not  yot  explained;  bo  Itkcwiw  doM  pro* 
tiorlo  of  niorctiry  (Hgl),  which  in  the  melted  state  condueCa  without  bii/> 
forinjf  dccomjwsition. — All  eo!n|>ound8  whicii  are  decompowhle  wh«fi 
diasolved  in  water,  behave  In  the  whip  manner  when  fused.  (Faraday.) 

Connell  found  that  when  the  tlectric  current  was  cuoducted  into 
fitpe<l  iodic  acid  (10'),  the  gulvaB'Uncter  was  deflected  and  tbo  Mid 
docomposed :  he  considers  however  tlsat  the  decomposition  tuny  b«  tli« 
result  of  heat,  inasmuch  as  the  fiiHing  and  decomposing  points  of  the  aoidi 
are  near  to  one  another.  Liquid  ammoaia — possiidy  from  contatoiiif;  ft 
trace  of  water — condtict^  sliifhtly  the  electricity  of  a  battery  of  250  p«irv, 
80  that  an  ngilAtion  ia  perceptible  in  it;  hnt  water  piacetl  in  the  mm 
circuit  is  not  decomnojaed.  (Konip.)— Liqaid  cyanojren  docs  not  ooadut 
the  electricity  of  a  battery  of  300  pairs  of  plates.  (Kemp.) 

Of  the  elemput«  (and  sub^atanceo  like  ammoniam  and  cyanogen,  wh 
replace  them   in  their  combinations),  some  are  always  evolved  at  1 
negative,  others  always  at  the  positive  pole,  with  whatever  other  util 
stance   they   may  be   combine<l : — hence  they  are  divided  into  catisMki 
which  are  evolved  at  the  negative  electrode,  aoJ  anions  which  ore  eralv«d 
at  the  positive  electrode.— The  Aninnt  nre:  Oxygon,  fluorine,  cfalorilH^ 
bromine,  iodine,  and  cyanogen,— probiibly  also   eulphur,   eeleninm  and 
iulpho-oyaiiOgen  (Fof  the  acids  am  included  in  this  clasn  by  Karadav, 
ti(i.  Decjinpimtifm  of  Snltx).- — -The  Cniitmn  are:  Hydrogen,  the  alkaln 
inctaU,  ma^esiiini,  nianj^'aneBo,  antimony,  bismuth  (')),  tine,  ca<dnuum,  tioj 
lead,  iron,  cubatt,  nickel,  copper,  mercury,  silver,  gold,  plutinnm  (au< 
animoniuni),     The  Kililiabte  ba^ei'  arc  also  cljused  by  Fanulay  under  ihi 
head  {vitf.  Dfeompotition  of  Salt»).^~K\\  the  elem«nU  are  probably  ion»_ 
Imt  with  respect  to  some  amuog  them,  nothing  bu  yet  bt«en  dctermintid 
by  experiment.  (Faraday.) 

It  ia  ncce^ary  to  distinguish,  an  Faraday  does,  between  dir*et  *xA 
indirect  decomposition  by  the  electric  current.  The  former  arisM  from 
the  immediate  action  of  the  current;  but  the  .lubslant'ea  thereby  libetmtod 
at  the  electrodes,  may,  when  the  liquid  ia  a  miitnre  nf  several  compound*, 
eiert  a  decomposing  action  on  a  compound  upon  which  (he  current  doe« 
not  act  directly.  Thus,  aqoeoua  ammonia  is  reaolvod  by  the  electrfe 
current  into  hydrogen  (fas  at  the  jippative  and  nitrogen  gas  at  thepositiv* 
pole.  It  raajr  be  auppoBcd  that  (he  water  alone  is  directly  deconnnMed; 
and  that  the  oxygen  separated  at  the  positive  pole,  abstract^  hydrogeB 
from  the  ammonia  and  sets  free  the  nitrogen  of  the  eame  <  It- 

cannot  however  be  positiveiv  determined,  either  in  this  or  ji  -th* 

cases,  which  decomposition  is  direct  and  which  indirect. 

Dtrfree  of  DeatrnpofUion. 

Wimt}  the  electric  current  continnes  for  a  sufficient  !en:jfh  of  time,l 
the  decomposition  is  complete.  If  the  two  electricities  be  eouductvd  inKlJ 
two  cups  containing  dilute  solution  of  sulphate  of  potosb,  and  cutUiMtcdi 
hy  a  moistened  « ick  of  nsl^estus,  whJch  is  washed  twice  a  day,  «>  that  ua' 
•alt  may  be  deposited  upon  it, — the  positire  cap  is  found,  nfter  thre« 
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J»TS,to  contain  all  tiie  sulphuric  acid,  and  tbe  neimtire  ctip  all  the  potaah. 

Place  of  Decomptmiirm, 

The  aepamtioD  of  the  ions  takes  place  only  in  the  immediate  nelglibour- 
hood  of  the  efectrndcs,  not  at  any  part  of  the  Jifjuid  at  a  dietani-e  from 
them.  fH.  Davy,  Dp  1b  Rirc.)  If  a  Bolution  of  commtm  salt,  crjloured 
with  infcisioTi  of  violets,  be  diviileil  into  three  portions  by  two  nierabrauoas 
mrtitiuns — the  electrodpa  dipping  into  the  outermoet  dirieiona — the  eo- 
iwur  of  (he  liquid  changes  in  these  diviaiona  alone,  not  in  the  middle. 
(De  la  Rive.) 

Wljpn  a  mimher  of  currents,  either  eqnally  or  unequally  strong,  pnaa 
eimultaneniiily  through  the  samp  liqnid,  either  in  the  eanie  or  in  opposita 
du^ctions,  neither  of  them  ia  disturbed  by  the  rest.  (Mnriauini.) 


Relation  httween  rt*  Quantity  0/  tie  Electric  Gurrtni  and  the  QuantUy  of 
Liquid  decompoKcf. 

A  Imttery  which  retains  a  platinum  wire  y,'j-f  of  an  inch  tlitck  in  n  stato 
»f  constant  ignition  during  the  whole  time  occupied  by  the  decomposition, 
deeompotes  one  srrain  of  water  in  3|  minutes:  this  quflntity  of  elcetrieity 
is  p«rliapa  equal  to  that  of  a  powerful  etroke  of  lightning.  (Faraway.) 

The  quantity  of  electricity  which  enters  the  liquid  is  directly  pro- 
portional to  the  quantity  of  liquid  deconipnscd.  Hence,  the  quantity  of 
electricity  in  thu  current  may  be  determined  from  th*  quantity  of  the 
products  of  deconifkosition.  (Faraday,  Do  )«  Rjvo.)  The  preatcr  there- 
fore the  quantity  of  electricity  which  the  apparatus  employeil  yields  in  a 
given  time,  the  greater  will  be  the  quantity  of  liquid  decomposed,  pro- 
vided that  the  electricity  possesfrca  the  requisite  tension.  Hence  th* 
bftlterif^s  (»f  Grove,  Daniel i,  Stiirj^eon,  Sinee,  and  othera,  have  the  atrongest 
deeompoNing  action,  the  oloctrical  machine  the  weakest. 

Faraday's  Volia^eiecitrntitUr  or  Vottume/'tr,  luto  the  lower  part  of  a 
graduuted  tube  closed  at  the  top  {A pp.  2J<)  are  inserted,  opposite  to  each 
other,  two  phiiinniii  wires,  to  the  ends  of  which  are  attached  two  small 
plates  of  platinum  placed  ujjright  in  the  tube.  The  open  end  of  the 
lube  i»  inserted  into  one  ajjerture  of  a  vesisel,  two-thirds  filled  with  dilnts 
Bolphuric  acid  of  sp.  gr.  from  1"2.5  to  1-336,  the  other  aperture  being 
closed  with  a  stopper.  The  tube  is  filled  with  liquid  by  inverting  the 
appamlti^.  It  is  then  placed  upright,  and  the  two  platinum  wiree  con- 
nect'Hi  with  the  pok'S  of  the  buttery,  in  order  to  determine  the  quantity 
•r  detonating  gtis  evolved  in  a  given  time.     The  decomposition  must  not 

allowed  In  go  on  bmg'  euoutrh  to  brinj?  the  pas  in  contact  with  the 
htinum  plates,  bueau;^  these  plates  would  give  rise  to  a  mIow  re^uuion 
[tiiegases.— In  many  liquids,  ne  in  hydrochloric  acid,  only  hydrogen  gas 

1  (0  be  collected,  in  others  only  oxyj^cn,  as  in  the  caso  of  ttniphatc  of 
»peT.  In  such  cases,  the  voltameter  miiy'bo  formed  of  a  jrmduated  tube, 
iving  a  platinnm  wire  inserted  into  its  upper  and  closed  end,  fille<l  with 
the  liquitl,  atid  inverted  in  a  glass  Vessel  into  which  the  Other  electrode  it 
introfluced  {Ai'p.  20).  Other  arrangement*  aro  likewise  dewrilied  by 
Faraday. 

Whether  the  quantity  of  electricity  in  the  current  b^  mesigured  bj  tfao 
Toltamoter  or  by  tbe  galvanometer  (in  pro|iorti«n  tu  the  tangent  of  tlia 
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defiectiun,  aoJ  thcTcfore  by  weans  of  Nervaucfer's  contpaaa)  or  by 
electro-magnetic  balance,  the  proportion  obtained  is  invariably  tbe  same. 
(Jacobi.) 

An  atom  of  a,ny  one  electrolyte  requires  for  its  decomposition  '^j1| 
oame  quautitv  of  electricity  as  an  stnm  of  any  other,  wketbor  iba  oofnbi- 
nation  be  hefil  tfigetlicr  by  stronger  by  feeble  aflSjiity. 

If  the  current  of  a.  battery  be  pissecl  tliroiiifh  tbe  voltameter,  and  thence- 
' — by  mea»H  of  a  platinum  wire  entering  at  ihe  npper  end  »n<i  con  greying 
posftivo   electricity — into  a  glass  tube   containing   fused   protocblorido 
of  tin,  and  having  inserted  into  its  lower  end,  a  platinum  wire,  whick] 
eerves  aa  the   negatiro   electrode, — then,    for  every   9  piurtfi   of  water,' 
decomposed  in  tbe  voltameter,  58'53  parts  of  tin  are  deposited  on  the' 
last-mentioned  wire  (the  atomic  weight  of  tin  is  59). — When  fn-fed  chlo- 
ride, iodide,  oxide,  ^nd  bonite  of  lead,  were  treated  io  a  similar  manner, 
the  q^unntity  of  lend  obtained  we.s  too  small  in  proportion  to  the  -water  J 
decomposed,  viz.:  lo  9  parta  of  water,  lOOS,  89,  03-2  and  101-3  lead, 
wheroiis  the  atomic  weight  of  lead  is  103"8.     The  cause  of  the  deficiency] 
is  probably  thsi,t  a  portion  of  the  precipitated  lead  was  redi&solved  by  tlio 
anion.     When  two  silver  wire*  are  introduced  as  electrodes  into  fused 
chloride  of  sliver,  the  weight  of  the  positive  electrode  diminishes  almost 
exactly  by  lOS'l  parta  of  silver  for  every  3  parts  of  water  decomposed  ia 
the  valtaraeter,  whilst  that  of  the  negative  electrode  increaaes  by  the  same 
quantity.     Chloride  and  iodide  of  lead  treated  in  the  eame  niauner,  lead 
being  Used  as  the  positive  electrode,  give  101*j  and  103'5  lead  fur  every. 
9  parts  of  water.     (Faraday.) 

[f  the  tiume  current  be  made  to  pass  through  fused  chloride  of  lead 
and  Golntion  of  GUuher'a  sftlts,  one  atom  of  Glauber's  salt  ia  decumposeil 
for  every  atom  of  load  reduced.  If  instead  of  Glauber'.s  salt  a  aolutioa 
of  conunon  salt  \*e  used,  the  electricity  being  condacted  into  it  by  meant  i 
of  a  weighed  tin  plate,  then  for  every  atom  of  lead  reduced,  one  atom  ol 
soda  h  separated,  and  one  atom  of  tin  diseolved.     (Daniell.) 

If  the  current  of  a  battery  be  frajssed  through   a  number  of  metallic 
solutions  connected  by  platinum  wires,  the  metala  are  precipitated  in  tbe  | 
ratio  of  their  atomic  weights,—*,  g.,  about  four  times  »a  much  silver  aa 
copper.     (Matteucci.) 

For  Berzcliua'g  objections  to  Faraday's  law — that  equal  numbers  of 
atoms  of  liquid  require  equal  quantities  of  electricity  to  decompose  ihcm— 
vid,  Jirrzelifi!^  Jafiresh.,  15,  34.  '  ^1 

The  quantity  of  electricity  which  an  atom  of  liqajd  requires  to  decom-  H 

Soseit,  ta  equal  to  ihc  quantity  which  an  atom  of  the  same  liquid  evolves  " 
uring  its  electro-chemirail  decompogition  by  ponderable  bodiea.     (Far«- 
day.) 

If  an  atom  of  hydrogen  has  given  up  a  quantity  of  negative  electri- 
city, denoted  by  t,  and  an  atom  of  oxygen  the  same  quantity  of  positive 
electricity,  in  combirtiug  to  form  water,  thJa  same  quantity  of  electricity 
mast  be  restored  to  each  of  them  by  the  current.- — When  un  atom  of  wat^r 
is  decomposed  by  an  atom  of  zinc  which  combines  with  its  oxygen,  j  unita  of 
negative  electricity  are  set  free  from  the  linc,^ — while  the  atom  of  hydrwgea 
evolved  on  the  copper,  takes  x  units  of  ue^tive  electricity  from  it,  aod 
seU  free  x  uuits  of  jMisitive  electricity,  which  flow  through  the  connecting 
wire  to  the  x  units  of  negative  electricity  liberated  from  the  zinej. 

The  following  expcriraenta  afford  an  appi*oiimate  demonstration  of 
this  law  J  but  the  quantity  dissolved  in  each  cell  of  the  battery  in  propor- 
tion to  9  parts  (1  At.)  of  water  in  the  voltameter,  was  always  greater  than 


32-2  parts  (1  At.),  on  account  of  puro  chemical  action,  which  coqM  uot  h« 
altogether  prevented. 

WheD  a  DanieU's  constant  battery,  with  amalgamated  sine  was  nsed, 
33" 6  parts  of  zinc  were  dissolved  in  each  cell  of  the  battery  for  ereiy  9 
parts  of  water  decompoEed.     (Jacobi.) 

With  batteries  containing  only  one  liquid,  the  loss  of  xinc  is  greater. 
When  iho  fomv  of  the  battery  and  the  nature  of  the  liquid  are  varied,  the 
following  differences  are  observed, — F.  denoting  Faraday's  apijarattts, 
with  double  ccppor  surface  (p.  4"24);  Tg,  the  common  irough-battcry, 
with  single  copper  surfnce;  Q  Z,  the  surface  of  ibe  plates  iii  eqiiare  iurhes, 
P  Z.  the  nuniber  of  pairs  j  1  Tr,  the  number  of  atoms  of  zinc  dissolved  in 
one  troagh  during  iho  decomposition  of  one  atom  of  water;  and  Tot.  the 
number  of  atoms  of  zinc  dissolved  in  sill  the  trouglia  taken  together.  In 
both  batteries,  tlic  liquid  used  was  a  mixture  of  200  nieaaurea  c*f  water,  4*5 
of  oil  of  vitriol,  and  4  of  strong  nitric  acid. 


QZ. 

PZ. 

ITr, 

Tot. 

az. 

PZ. 

ITr. 

Tot. 

QZ. 

PZ. 

ITr. 

Tot. 

P.. 

.   3 

40 

2 '25 

88-4 

4 

20 

3-7 

74 

* 

10 

676 

6rc 

T«. 

.   4 

40 

364 

141  6 

i 

20 

5-5 

110 

4 

10 

155 
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When  different  liquids  are  ased  in  a  Paraxlay's  battery  of  forty  pairs, 
the  qaantities  of  jtinc  dissolved  iq  each  cell  foroneatom  of  water  decomposed 
are  nn  follows:  With  200  mcnsnree  of  water  mixed  with  8  of  strong  ultrio 
acid,  I'SS  At.;  the  same  quantity  of  water  with  16  nitric  acid,  1-82;  with 
32  nitric  acid,  2'1  At.;  with  16  measures  of  strong  hydrochloric  acid,  .3**1; 
with  9  roeasare.s  of  oil  of  vitriol,  4GG;  with  16  measures  of  strong  hydro- 
chlori«  and  6  of  nitric  acid,  211;  with  4  5  tneasurea  of  oil  of  vitriol 
and  4  of  nitric  acid,  2-2G;  with  9  measures  of  oil  of  vitriol  aud  4  of  nitric 
acid,  2'T9;  and  with  9  ineiieures  of  oil  of  vitriol  and  S  of  nitric  acid,  2-26 
At.  zinc.  Nitric  aciJ  is  therefore  the  best  for  this  battery;  aud  ditl'cretit 
degrees  of  dilutipn  of  this  acid  do  not  ati'ect,  to  any  conaiJoi-ahle  estent, 
the  proportion  between  wat«r  decomposed  and  zinc  dissolved.     (Faraday.) 

If  ihe  current  fn.)m  about  four  pairs  of  zinc  mid  copper  be  made  to 
pass  into  a  flohition  of  nitrate  of  silver,  and  the  quantity  of  zinc  disKolved 
DC  the  f^aine  one  time  as  another,  tlie  quantity  of  silver  eeparnted  will 
likewiw  be  constant, — whether  the  zinc  be  quickly  dissolved  by  the  Uf  o  of 
atrong  and  warm  acid,  and  the  galvanometer  strongly  deflectecf  by  the  cur- 
rent— or  the  Kinc  be  slowly  dissolved  by  cold,  weak  acid,  and  the  g.ilva- 
nometer  fecblv  dcflecled.  The  same  quantity  of  electricity  passes  through 
the  liquid  in  fcoth  caaes,  though  iu  different,  times:  hence  the  quantity  of 
silver  precipitated  is  likewise  the  6<aine,  Similar  results  are  obtained  ivith 
a  battery  of  copper,  platinum,  and  nitric  acid. — If  a  pile  a  be  constructed 
of  lead  iind  platinum  phites,  and  a  pile  h  of  copper  and  platinum,  the 
Weight  of  the  lead  plates  Iwing  to  that  of  the  copper  plate«  in  the  nitio  of 
the  atomic  weights  of  the  metab,  vi?,,,  as  103-8  :  32, — and  tlie  currents 
of  both  batterifs  bo  passed  tiiroogh  solution  of  nitrate  of  tilver  contained 
in  »op:irate  vessels, — then,  when  all  the  copper  and  lead  are  dissolved,  the 

?nantitie8  of  silTcr  separated  in  the  two  vesaela  will  be  found  to  be  equal. 
MatlciiC(!i  ) 

Since  tin  eUetrieal  machine  devclopes  much  less  electricity  in  a  given 
time  than  a  galvanic  liattcry,  even  with  very  small  plates,  it  does  not 
rea^lily  iirnditcc  decomposition,  notwithstanding  its  high  tension.  When 
the  machine  is  employed  for  this  purpose,  the  two  electrodes  are  conuectod 
with  the  two  coatings  of  the  electrical  battery,  or  one  with  the  conductors 
and  th«  other  with  the  rubber  nr  the  ground.     The  eieesfive  tension  of 
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tho  eloetrictty  must  be  weakened  bj  (civinff  ft  Ifti^  rarfoee  to  Iks  1 

or  ihti  comliiclor,  or  olse  ly  jnwdtiif!  tTic  charge  Ibroujitk  a   \.    ' 
tLal  ii  8ba.ll  uo  loH^'tT  Imrst  violently  tliroingh   the  bIocH' 
dc'ficitsncy  in  quantity  iiiuef  be  ctnin>ens»U'J  by  j(i\)|HjrU'  ei 
eloctrixHn,  so  'na  to  foneeiilrato  tiio  clotitricity  at  itj  tutt-.i 
lii^tiitl  ii|M)]i  n  gitmll  pciitit. 

\V'iiliuBti)ti  fusL'tl  liuu  ^old  or  silver  wirea  into  glisa  «r  eealin^-wau,  m 
that  only  till'  oitromc  points  of  the  wires  came  in  «»nUrt  with  (I 
lu  thiji  iimiiuor  he  (ic.cotiipobfd  water,  sind  suljtliateof  eop|>er  iind 
BubliTiiiiU!  liiswulved  in  water,  by  about  100  turns  of  tbc  macliiuG,  Bui  mi 
tbi»  decoiu|>otjition  uf  wittur,  built  nxyjreii  nnd  liydrogeii  were  evolvwl  a|] 
Mod  elcctrudi.' — a  ri;«nlt.  iirobuljly  .irisiny  from  the  j;rf>at  intcirsitv  "f  tfa 
•Icctrioity,  wliicli  WuUjiiton  look  no  iiieau&  to  countemct.— Sir  H.  DAvyl 
flffwtod  in  two  lioura,  Ijv  Wtdlajiton's  nietbod,  tiie  dceouinoeition  of  aquuoua 
niluti<>ti  uf  NiJjib^Ue  of  pota:<h  coQtaiiiod  in  two  cupa  connected  bv  iv>b«4^ 
lus.  {('t>mp.  Ouliii.  and  Hiainyer,  GUf/.  27,  311.) — Boiinijol  {Bilh  unit. 
45,  213)  docoiupohcd  water  by  frictian  electritily,  and  likewiee  by  atroo- 
spboric  olwtrii'ity,  wbicli  be  cau)$cd  to  (^nter  the  liquid  by  wires  balf  » 
liltimiTtre'  in  diameter. 

Wbeu  tmly  one  wire  is  aurrounded  with  8caling-w»x,  detouatiuj;  gts  is 
^itolved  only  on  tbis  one  in  pure  wnttT;  none  ou  tbe  other.     Tbi'  titrongtt, 
tho  sparks,  tbt-  grnntor  ia  the  (quantity  of  detoi)alin<;;.r>i£^volved;  and  vbe 
the  jiptirkii  <;easo.  tho  ^m  produced  is  ditniniebcd  tu  a  luero  Iraoe.     A  saint 
iii>u  of  fiulpliiito  of  simU  yioids  bot  a  trace  of  gas,  »ven  vb^n  ^iruug  epwki 
are  ftasu'pd.     Hence  the  decomposition  of  wnter  by  miicbiue  eWlricity  j 
diffomit  fron>  thul  produei-d  by  galvanio  electricity.     (Kiiradny.V 

Wbon  nioiatejied  litmus  ptiper  is  t!tmucct<*d  with  the  wire  of  tlie  eoB 
ductor  of  tho  i-lcctrical  niachirio.  and  rauistened  turmeric  paper  with  ih 
yt'tte  of  the  rubber,  and  ihe  two  {lapei^  unitetl  by  nioan!}  c»f  a  tbKll 
•evenly  feet  long  ntoislcned  with  solution  of  turmenc  paper, — riecompuifki 
tioit  t«k«a  pbw«  (and  therefore  reddening  of  tbo  litmus  paper  by  erulvedl 
acid  and  browning  of  the  tiiriiicric  fiaper  by  liberated  alkali)  as  stronjrly  as 
wbcn  lhc>  two  pMpcrs  lU^  utiit«>d  by  a  shorter  connection-  Thi.^  i^  due  to 
the  ]iij>h  tension  of  ihe  mncbiiie  electricity.  Similar  remarks  apply  to  the 
di<<!oinpfi«ition  af  iodide  uf  potassium.     (Faraday.) 

It  iii  not  ov«u  necessary  to  have  the  circuit  regularly  closed.  If  moM- 
(ene<l  litnin*  p.iper  be  conuected  with  the  conductor  (or  turmeric  paper 
with  i)h'  rubber)  and  likewise  with  a  string'  ^situratetl  with  sulphatojaC 
aoda,  and  coimuuuicating  with  the  ground  (or  tbo  pas-pi }'>^^  ff  Ixiud^  ~ 
or  OTen  if  tho  {taper  connected  with  the  conductor  or  the  rubber  be 
latt^l.— de(,HJiiipo«ition  cuenes,  in  coaseuuence  of  the  ooml^  •  the 

hisrblv  irilense  olectricity  of  tlie  mncbino  with  the  opposite  (  i  pm- 

ci  II)  lira  latent  electric  fluid  of  the  earth  or  the  air.     Hence  (bs 

oj-  -ictioD  ehoKs  itself  ut  the  part  of  the  paper  farthest  from  ll» 

point  at  which  tlto  cloctrioity  of  the  machine  entem     If  a  thread,  wvtted 
with  solutiuu  of  sulphate  of  soda  and  attached  to  the  conductor,  be  br 
in  c<mtaet  with  turmerics  pnper  coanected  by  a  wire  with  the 
undrr  ground,  the  ivij>cr  WcoriKVi  reddened  by  tho  negative 
which  dovrs  frt.mi  the  earth  into  the  litjuid.     A  simitar  effect  is  pr 

upon  lilntus  pat>er  ronoe«t«d  in  like  manner  with  the  mbltor.     if  «  ,_ 

of  litmus  paper  and  a  piece  of  turmeric  paper  in  the  form  uf  acute  triai^U^. 
be  OMuateoed  with  aolution  o^f  sulphate  of  soda,  laid  to^feiber  by  weir 
•fcaiteat  lidea,  and  pla««d  between  coudacliiif  watt  attached  to  0»  VM' 
dnctor  abd  mbb«r  w  the  machine— the  esd»  of  the  wirea  being  ahwU  iMJf 
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sn  inch  di8t»nt  from  the  points  of  the  papers — redJening  take*  plaae  «t 
both  poiute,  but  ili^pjK-ars  again  wheu  tlie  points  are  turned  round,  so 
aa  to  bring  the  turmeric  paper  opposite  to  the  positive  conductor.  The 
two  paper  triangles  may  nim  be  Itiid  upon  glaBS,  and  coimoctt'd  with  the 
two  conJdctora  by  strings,  mix  inches  long,  moistened  with  solution  of  sul- 
phate of  soda. — 8olution3  of  io<ltde  of  potasffium  and  acetate  of  leail  eiro 
eoireepondiDg  resultb,  (Faraday.) 

If  the  electricity  from  the  machine  be  communicatetl  throayh  the 
iiiediutu  of  a  wet  siriuy  or  a  wire,  or  in  email  ejiarks,  to  au  ekctrode 
dipping  into  a  liquiil, — a  solution  of  iaJido  of  potassium  itiixed  with 
aturi'h  i.a  tamed  blue  by  hulf  a  turn  of  the  machine — solution  of  sulphate 
of  soda  reddens  litmuss  aud  turmeric  juiper  after  two  or  three  tiirn»-^j 
hydrochloric  acid  evolves  chluriiie — and  ealphate  of  copper  deposits  cop- 
per on  the  silver  cathode  after  twenty  turns.  (Faraday.) 

A<|ueon8  solution  of  iodide  of  pobiseiuin,  contained  in  a  smal]  U-tube, 
into  whioh'ftre  immersed  pliitinum  wires  procaediug  from  the  conductor 
anti  ttie  rubber,  acquires  a  yellow  colour  in  the  positive  arm.  (Henrici, 
Ihiffff.  47,431.) 

fn/Hence  of  tk«  InUntity  of  the  Vurrr»t  «t  Detcmpofition, 

[The  more  readily  tbeatoina  of  a  liquid  are  transposed — whether  from 
itA  peculiar  nature  or  from  the  thinness  of  the  film  of  liquid  between  tbo 
elcctrodcB, — ^tbe  smaller  is  the  tcatiion  which  the  electric  current  requires 
in  order  to  penetrate  it,  the  greater  the  quantity  of  electricity  which  flows 
into  the  lic[uid  from  a  given  source,  and  the  greater  the  quantity  of 
liquid  decompoged  in  a  given  time.  If,  however,  by  increasing  the  nitin- 
l>er  of  pairs,  or  otherwise,  the  tension  has  been  raised  to  bucL  a  degree^ 
thmi  all  the  electricity  evolved  from  the  source  in  a  given  time  is  able  to 
•Otot  the  liquid — so  that  the  galvauunietcr  showd  the  ^anie  deflection  wlie- 
thar  the  circuit  be  closed  by  a  metallic  conductor  ur  by  a  ti^uid^—a  further 
rice  of  intentjjty  does  not  tkccolerate  the  decomposition,] 

Aqneous  solution  of  iodide  of  potassium  may  be  decoraposed  by  a  cnt- 
T*al  of  the  amaile^t  tension;  next  in  order  of  facility  come  fused  chloride 
of  silver,  fused  protochloride  of  tin,  fused  chloride  oi  lead,  fneed  iodide  of 
l«iid,  water  containing  bydrocblorie  acid,  water  containing  sulphuric  acid. 
That  the  chloride  of  lead  is  more  easily  decomposed  than  the  iodide, 
perbapa  arises  from  the  platluum  electrouo  having  a  greater  alfiuity  fur 
oblorine  than  for  iodine.  (Fnraday.) 

If  the  cellnu  and  0  {App.  SU)  contain  dilute  eulphnric  acid  of  1  25 
«p,  gr., — o,  /},  and  i  being  platinum,^  amalgamated  zinc,  and  h  a  ptutinuni 
olate,  on  which  i.^  laid  a  j^iieco  of  paper  moistened  with  solution  of  iodide 
af  fmtasaiuni,  and  bavin;^  the  end  of  the  plattuuni  wire  placed  in  eoniact 
with  it, — continued  decomposition  of  the  iodide  of  potajjsimn  takes  place, 
whilst  on  the  two  platinum  plates  immersed  in  b  not  a  single  gas-bubble 
appears,  even  In  the  course  of  several  days.  Even  when  the  paper  at  A  \a 
removed  and  metallic  contact  establisheu,  uot  a  particle  of  ^:as  is  evolved 
in  A ;  neither  does  any  evolution  of  gas  ensue,  when  the  cell  (>  contains 
aqueous  solution  of  potash  instead  of  sulphuric  add.  Dut  when  to  the 
vulphnrie  acid  in  a  a  little  nitric  acid  is  added,  an  evolution  of  gaa  takes 
plaec  on  the  platinum  plates  in  the  course  of  twelve  seconds,  because  the 
■itric  acid  iuoreaee*  the  intensity  of  the  electric  current.  (Faraday.) 

If  two  puoM  of  paper  lying  on  platiijiun  plates  arc  placed  in  the 
MTPtDt  of  Jt  ringle  pair  of  amalgamated  xinc  and  platinutn  immersed  in 
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eolation  of  eommon  e&U, — one  of  tbe  papers  being  moistened  with  dolutioaf 
of  iadirle  of  polBesiam,  tho  other  with  solution  of  sulphate  of  soda,  »od  th« 
latter  placed  between  moistened  litiiiuy  and  turmeric  papers, — and  the 
circuit  is  closed  by  a  bent  plattDuin  wire,  wboae  ends  rest  on  the  twn 
papers,  tbo  iodide  of  potassmm  ia  docompoeed,  l>at  not  the  sulphate  of 
Boda,  not  even  when  the  iodide  of  potassium  paper  is  removed,  and  metaUte 
contact  establiBhed.      If  one  of  the  platinum  plates  be   rcplaoed   by  a 
capsule,  in  wbich  nitre  or  chloride  of  lead  ia  niatntainetl  in  a  state  of  j 
fusion — the  zinc  and  platinum  plat«s  bcing^  immersed  in  diluto  enlphario  1 
acid — -the  iotlide  of  potaasliin]  is  dec«mpoecd,  but  not  the  nitre  or  the 
chloride  of  lead ;  chloride  of  silver,  on  the  ootitrary,  is  deconipo^d  m 
readily  a.s  tho  iodide  of  potassium.     It  appears  then  that  water,  solution 
of  sulphate  of  soda,  chloride  of  load,  and  iodide  of  lead,  can  give  passage 
to  coircnta  of  very  email  intensity  withnnl  beinfj  decomposed.  (Farada-y,) 

The  current  from  a  single  jiatr  does  not  decompose  water,  and  yet 
produces  deflection  of  the  galvanometer.      If  the  current  of  a  ten-pair 
bftttoiy  be  weakened  by  tho  interposition  of  a  long  thin  wire,  to  snen  4  1 
d^ree  that  it  produces  the  same  deflection  as  the  current  of  a  Elngle  pair,  | 
it  wilt  behave  towards  water  in  the  sauie  manner  as  the  latter.     Hence 
feeble  currents  pasa  through  water  without  decomjmsing  it.   (Jacobi.) 

It  is  true  that  no  gas  is  obtained  when  a  feeble  current  is  oouductcd 
into  a  watery  liquid    by  means  of  platinum    plates:    neverthel^s,  the 
water  is  decomposed^but  eo  slowly,  that  the  oxygen  and  hydrogen  g«MM 
liberated  on  so  large  a  surface  partly  surround  it  a«  an  envelope,  and  are 
partly  alisorbod  by  tho  water.     Even  when  two  fine  platinum  wires  are  j 
used  as  eloctrodea,  not  a  single  bubble  of  gas  escapes.     But  if  one  el«<s  I 
trode  consbts  of  a  platinum  plate,  the  other  of  a  fine  wire  of  tie  same 
metal  covered  with  glass  up  to  its  point,  according  to  Wollaston's  method 
(p.  438),  gaa  is  evolved  at  the  point  of  the  wire — though  only  for  n  short  j 
time — when  tlie  water  is  subjected  to  the  action  of  a  pair  of  plates  of  I 
zinc  and  platinum  in  solutiun  of  commc^n  snlt.     The  evolution  of  gas  it 
renewed,  both  when  the  snrSace  of  the  larger  electrode  is  increased,  and  like- 
wise when  the  current  is  reversed.     The  gas  appears  at  the  narrow  elec- 
trode, because  the  wider  surface  of  tbe  other  greatly  facilitates  absorption. 
When  the  electrodes  have  eqnal  surfaces,  the  positive  electrode  become* 
negative,  in  consequence  of  a  film  of  oxygen  attkched  to  it— and  the  nega- 
tive electrode  positive,  from  a  film  of  hydrogeTi;  and  thus  tbe  primitive 
current  is  weakened  {I'l't/,  ^fcondarif  Currtntt),  so  that  the  water  is  do- 
composed  at  the  same  rate  oniy  as  absorption  goes  on. — Snlpbate  of  sotla 
may  also  be  decomposed  by  the  current  of  a  pair  of  liuc  and  platinum  in 
solution  of  common  salt,  by  means  of  electro(ics  of  very  unequal  sur&ee 
like    those   above  described.    (Andrews,   Pot/g.    41,    166.) — Grove  also 
{Pogff.  48,  305)  concludes  from  his  experiment?,  tliat  water  does   not  * 
conduct  the  electric  current  without  undergoing  decomposition. 

The  current  from  a  single  pair  of  amajgumatcd  sine  and  plaiinum 
plates  in  dilute  eulphuric  acid,  however  stront,'.  though  it  always  decora- 
poses  iodide  of  potassium,  does  not  [visibly]  decompose  acidulated  water 
or  solution  of  nitrate  of  silver.  The  two  last  mentioned  liqisids  ar«  not 
decumpoEcd  even  when  the  plates  aro  immersed  in  dilute  sulphuric  acid; 
but  nheiv  a  small  quantity  of  nitric  acid  is  added  to  the  liquid  in  the 
exciting  cell,  decomposition  takes  place.  But  the  current  of  a  pair  of 
nine  and  copper,  having  the  snrfacMJ  of  n.  square  metre  and  immersed  in 
dilute  Bulphuric  acid,  withont  any  nitric  acid,  likewLso  decomposes  nitiate 
of  f/th'sr, — Itoca'Uc  this  large  pair  develop.'?  a  greater  quantity  of  clectri- 
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city.  Hence  decouijwsition  depends  enly  on  the  qaantity  of  electricity. 
(Jiatteucci.)  [That  however  the  inteceity  of  the  current  exerts  great 
infiueaee,  is  evident  from  the  fact  that  combination  of  a  numbei'  of  p^rs 
of  plfttes  however  small  will  decompose  any  electrolyte  whatever.] 

If  the  electrodes,  dipping  into  acidulated  water,  coDBiat  of  one  of  the 
more  oxidable  metals  instead  of  platiuum  [in  which  case  the  affinity  of 
thoae  metals  for  oxygen  will  favour  the  decorapositioo]  thcHj  according  to 
UenrJci,  the  current  of  a  single  pair  coiisiEiting^  of  zinc,  dilute  sulphuric 
acid,  eulpljato  of  copper,  and  copper,  will  decompose  water  and  evolve 
hydrogen  ^.g,  the  deflection  of  the  galvanotoeter  increBsing"  as  follows,  with 
the  quantity  of  gad  obtained  in  an  hour; 


PIktiniim.  Silver.  Copper.  BrA«s. 
Cnb.  ofTitun.  Hvdni^n  gas       0  0'3  12  19 

Sineofaagleef'deAection       0°!'      0°  fi'       0°  8'     0"  13' 


Steel. 


2&'  If 


Borne  decomposition  of  water  is  doubtless  effected  with  pintinura 
electrodes,  but  as  the  oxygen  evolved  does  not  combine  with  the  platinum 
the  action  is  retarded.  (Hcnrici.) 

To  this  head  likewise  belong  the  experiments  mention&d,  pp.  403.. ..408. 

Thermo-electric  currents,  weak  both  in  qaantity  and  intensity,  decora- 
poee  nitrate  of  silver,  when  the  electrodes  consist  of  platinnm, — but  not 
mils  of  copper,  lea.d,  tin,  or  zinc;  in  these  iilw  electrodes  of  gold  or  silver 
produce  no  eflTcct.  But  when  the  electrodes  consist  of  the  same  metal  as 
that  in  the  solutioUj  <lecompo.«ition  is  easily  effected — c.  ff.  nitrate  of  silver 
with  silver  ekctnjdea,  snlphate  of  copper  with  copper,  protoclilnride  of  tin 
with  tin,  acetate  of  lead  with  leaden  electrodes.  Platinum  wires  iu 
Bolutions  of  platinum  produce  no  effect.  A  thermo-clectrio  current  is 
b«Ht  conducted  into  a  solution  of  common  salt  by  means  of  wires  of  zinc, 
IJu,  lead,  or  iron, — less  readily  by  copper,  with  difficulty  by  silver,  and  nut 
at  all  by  platinum.  Similar  to  the  action  of  the  thenno-clcctric  current 
IB  that  of  the  Very  feeble  current  nbaincd  wl>en  the  ves-sel  a  (A/yp.  2) 
oontains  ]iotasb,  b  nitric  acid,  and  the  asbestiis  fibres  A  solution  of  couLmon 
aUt — platinum  wires  dipping  into  a  and  b,  and  being  connected  with  wirea 
of  the  nietalsi  above  mentioned.  (Becquerel.)  [In  this  case,  the  electricity 
ha«  no  affinity  to  overcome^bocauae,  for  every  portion  of  metal  separated 
at  the  cathode,  an  cqnul  portion  combines  with  oxygen  and  acid  at  tbo 
anode,  so  that  the  electricity  ha."*  only  to  transpose  the  atonts.] 

The  following  experiments  were  made  to  determine  the  proportion  in 
which  the  decomposition  of  different  liquids, — and  therefore  also  tho 
qaantity  of  the  current,  increases  with  the  number  of  pairs : 

In  A  a  pile  was  constructed  of  zinc  and  copper  with  solution  of  eal- 
amnioniac,  in  B  with  water  containing  nitro-sulphuric  acid,  and  in  C  with 

ring- water;  in  D  a  battery  of  Jtinc  and  platiuuin  in  dilute  aulphurio 
id  was  employed. — Theliquiil  in  the  decoinjwsing  cell  was  water  ^  Aq  , 
■  a  solution  of  1,  i,  8,  or  10  part--*  of  fail -ammoniac  in  100  parts  of  watep 
^  Sm  1,  Sni  4,  Sm  8,  Sni  10;  or  saturated  solution  of  8al-amDioiiiac  =  Snig; 
or  dilute  sulphuric  acid  ^  S  f ;  or  a  solution  of  1  part  of  sulphate  of  liuo 
(sinc'vitriol)  in  100  jMirts  of  water  ss  Z  V;  or  solution  of  iodtile  of  potas- 
sium =:  I  K, — VZ  denotes  the  numlier  of  pairs  employed. — The  degrees 
under  A,  B,  C  give  tho  deflection  of  the  galvanometer;  tho  numbers  under 
D  denote  the  relative  quantity  of  hydrogen  gas  evolved  from  the  solution 
of  iodide  of  potasnium.  (Matteucci.) 
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In  the  followsng  eiperimcnts  of  Jacobi  and  Walker,  Pkniell's  constant 
battery  was  uaed-  The  quantity  of  detonating  gas  developed  in  tU$ 
tleconiposing  cell  in  a  given  time,  aceoniing  aa  a  greater  or  le&a  number  nf 
nlj^toa  wete  oounected  together,  waa  deterrained  in  measures.  In  i&wthio 
experinnenta  and  in  those  of  Walker,  giv^n  under  a  and  6,  the  decomposing 
oell  eantaincd  water  acidulated  with  aulphuric  acid;  in  e  it  contaiD&d  dU>  i 
tilled  water. 
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Injlitenee  of  thi  Chemieal  N'ature  of  the  BUctro^yte  on  U»  Deetmpoiitietu 

The  [apparent]  conrlacting  power  of  liqufdn  for  electricity — i.e.  their 
STiscentibiHty  of  ileconipositiou  by  the  electric  current— ia  nsnaliy  deter- 
tninea  by  placing  them,   together  with  a  galvanometer,    in  an   electric  1 
current  of  constant  tension,  and  determining  by  how  ninch  tlieqnantjty  of 
the  current  (the  deflection  of  the  galvanometer)  is  diininlshed  by  thai 
jnterposttioti  of  the  Itqaid.     The  wire;^  or  plate«  inunereed  n  the  liquid 
must  be  at  the  sauie  distance  from  one  nuuther  in  all  cues.    The  differeofln 
of  eouducting  power  appear  to  be  so  much  the  greater,  aa  the  tension  of  i 
the  current  is  tees,  and  became  less  perceptible  aa  the  tension  increM6«; 

The  small  conducting  power  of  pure  water  is  considerably  increwed 
by  the  solution  of  other  substances  in  it  (p.  31 1,  h). 

The  ^very  weak)  thermo-electric  current  of  »  single  pair  of  bismuth 
and  antimony  is  very  easily  conducted  by  the  aqueous  aolution  of  yoUov 
Bulphuret  of  potassium^,  by  a  mixture  of  hyponitric  acid  with  an  c<]|nal 
qnantity  of  water,  by  red  fuming  nitric  acid,  and  by  a  mixture  of  one 
measure  of  oil  of  vitriol  with  two  measures  of  etron^  solution  of  salpha(« 
of  copper;  it  is  also  conducted  tolerably  well  hy  yellow  nitric  acid,  and  by 
m  mixture  of  two  measures  of  oil  of  vitriol  and  one  measure  of  watcir; — 
elightly  by  nitric  acid  freed  by  boiling  from  hyponitric  acid,  and  by « 


ELSCTRaL¥SI&. 


44S 


I 


of  Titriol ; — T^ry  sUghtlr  by  solution  of  potubj,  and  nol  »t  all  by  anhy- 
drous hyfionitric  swiill.  (Faraday.) 

The  coDduetiiig  power  of  platinum  is  2546680  timea  greater  than  that 
of  a  aaturated  solution  of  eulphate  of  copper,  Asauuiiug  the  latter  ^  I, 
that  of  a  mixtare  of  1  meiuure  nf  eolution  with  1  lueaaiiro  of  water  = 
0*64,  with  i  measures  of  water  =  044,  with  4  measutes  of  water  1=  0'3!j 
that  uf  a  j^aturated  solution  of  sulphate  of  zinc  =  0417;  that  of  amixtars 
of  water  with  -j-^^ws  nitric  acid  =  0015;  and  that  of  pure  water  0-0025, 
(Pouillct.) 

The  carrent  of  a  40'pair  battery  passed  through  pure  water  give»  only 
1^^  ns  much  lietoDating  gas  in  a  given  tinio,  as  when  tha  decompasiog  cell 
coataius  diluto  sulphuric  acid.  (Faradoiy.) — Water  becomea  much  mors 
eaeily  deeuiiipoi^ible  when  mixed  with  sulphuric  acid  than  whea  saturated 
wUb  fommon  salt.  (Henrici.) 

The  current  of  a  pair  of  linc  and  copper  platea  in  saturated  solution  of 
cottiinon  salt,  comJueted  by  means  of  two  gilt  brase  plates  into  tli?  under- 
mentioned liquids  (all  the  whitione  are  saturated)  pruducea  the  folKiwiur 
deflections  cif  an  interposed  g-a  I  manometer;  Pure  water,  ^"^5  ai'Otate  of  lead, 
3„.4j  sdplmte  of  potash  or  a«dii,  nitre,  chloride  of  calcium,  or  chloride 
of  lead,  5"^]  chlorate  of  potash,  7  j  borax,  chloride  of  inanpiues«,  tartrate  of 
potash,  tartar  emetic,  acetate  of  aoila,  or  benzoate  of  potash,  tO";  carbonate 
of  potash  or  eoda,  11';  green  vitriol,  nitrate  of  lead,  or  acetate  of  potash, 
12  ;  oxalate  of  potash,  13';  aqueous  ainmuuia  of  sp.  gr,  O'i)80,  or  lart&iio 
aciil,  15'j  protochlorideof  tiu,  IC^aO";  alum  or  sulphate  of  copper,  30"; 
euJphato  of  line,  22  ;  dilute  phosphoric  acid,  23";  strong  rinegar,  25"; 
mixture  of  1  part  oil  of  vitriol  and  4  parts  water,  28"^;  nitrate  of  mercury, 
30";  English  oil  of  vitriol,  30.,, 32';  uttrato  of  silver  (solution  not  «|uita 
saturated),  35";  dilute  nitric  acid,  sal-ammoniac,  or  eosqui-chloride  of  iron, 
42'';  bichloride  of  platinum,  iH";  dilute  hydrochloric  acid,  SO", — When  a 
large  pair  of  ainc  and  copper  plates  is  excited  by  solution  of  commoa 
»alt,  the  deflections  are  stronger,  but  the  differences  with  respect  to  tk« 
Tartons  liquidH  stnalltir.  (Pfafif,  tScftw.  55,  238,) 

The  current  of  the  sauie  battery  pasaed  through  various  acids  of 
different  degrees  of  concentration,  producoe,  according  to  Matt«uceij  the 
following  deflections: 

Sp.  Gf. 

Sulphtsric  acid  1*0511 

NUric  •dd I*t80 

Hfilrochloric  acid*   .,      r2<J0 

If  the  doRcctiOn  produced  by  1  part  of  aal-ammonifto  in  100  parts 
water  amounts  to  12%  it  will  bo  22  with  2  parts  of  eal-ammouiac,  26' 
Ih  3  parts,  and  27"  with  4  parts. — If  1  part  of  aulphate  of  zinc  in  100 
water  gives  3*  deflection,  2  parts  of  the  same  salt  will  give,  5°, — 3  part«, 
i.5  , — 4  psirt^,  s°,-~5  parts,  13-,— C  jiarts,  IT',— 7  parts,  23%— and  8  part*, 
24'.  If  a  solution  of  1  part  of  eal-animoniac  in  100  water  gives  a  de- 
flection of  1 2%  and  a  solution  of  I  part  of  nitre  in  100  water,  a  defteclion 
of  8'.  a  solution  of  s.-il-amnioniac  ncid  1  nJtro  in  HJO  water,  will  produces 
deflection  of  IS""  +  S"  —  20*.  The  same  simple  addition  takes  place  with 
other   at^neoua   and  alcoholic   solutions.      Heace,   when   1    part   of  sd- 

•  Since  hTdrochlorie  »cid  never  haa  the  sp.  gr,  l'29i  it  i«  probilile  th»t  the  numberj 
■aa<n«d  to  hyJi-MUoric  uid  r^ailjf  htiaag  to  aitri«  »eid,  M>d  nof  r«wA  (  yid.  Ah*. 
Ckim,  Phyt.  ee,  213.) 


Galv, 

Sp,  Gr. 

G«lv. 

Sp,  Gr. 

0»lr. 

35" 

1'022 

36° 

10H» 

36' 

57 

1*029 

4? 

1-0J5 

37 

S8 

1-027 

50 

1015 

17 
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iiniTnoniao  is  added  to  a.  co]d  saturated  solution  of  nitse,  which  1>j  it«elf  J 
produces  a  deflection  of  21%   the  defleclion    increases  to  26";   by  the 
further  addition  of   I    part  of  sulphate  of  copper,  it  is  raised  to  30\ 
(Matteucci.) 

A  constant  battery  of  eight  pairs  of  amalgamated  zinc,  copper,  and 
dilate  nitro-sulphuric  a«td,  gives  the  following  deflections,  all  tbesolnlion* 
containing  !  part  of  salt  iii  100  parts  of  water:  Pare  water,  ^^;  green 
vitriol,  acetate  of  lead,  or  acetate  uf  morphia,  2';  iodide  of  potaasiaiu  or  | 
sulphate  of  capper,  3  ;  bicarbonate  of  potaeh,  nitre,  or  chloride  of  calcium^^ 
5';  liicarbonate  of  soda  or  nitrate  of  silver,  6";  carbonate  of  aramoaia,  7';{ 
carbonate  of  poUish  or  soda,  8"';  common  ault^  10^;  and  eal-aouuonLac,  12°.^ 
(Matteucci.) 

The  untiennentioTied  salts  gWa  the  following  Reflections,  according  a^J 
they  are  introduced  into  the  current  in  a  gtate  of  aqueous  fasion  or  in 
saturated  Bolation:  Acetate  of  lead,  16'  and  16  ;  chloride  of  calcinro,  45" 
and  41^;  alum,  42^  aud  42";  sulphate  of  fine,  43"  and  42'',  Ucnoe,  tho 
deflection  is  either  the  same  in  both  caecs,  or  rather  stronger  when  the  ult 
is  in  the  fuseil  state. — If  a  saturated  solution  of  nitre  gives  30^,  aod  uf 
chiuridd  of  potash  38^,  fused  nitre  will  give  a  deflection  increasing  from 
42^  to  55",— «nd  fneed  chlorate  of  potash,  from  40"^  to  47'; — when  solid 
matter  begins  to  separate,  the  deflection  inrrcases  to  55^.  (Matteucci.) 

A  pair  of  linc  and  copper  plates  excited  by  water  sends  u  etroogcr 
curreDt  by  nieau«  of  copper- electrodes  through  dilute  sulphuric  acid^  tbau 
a  similar  pair  excited  by  dilute  sulphuric  acid  sends  through  water. 

Injluenos  of  the  Temperature  and  Compretnon  of  th«  Eletttvlyte  upcm 

DccompositioH, 

Hot  water  la  more  abundantly  decomposed  by  the  electric  current 
than  cold  water.  (Gay-Lussac  &  Thenard.) — The  dcfloctton  of  the  gwlva- 
nometer  increases  considerably  as  tho  elt^ctrolyte  is  heated :  but  this 
increase  reaches  its  limit  at  a  certain  temperature,  which  is  so  much  the 
higher  ati  the  conJuctiug  power  of  the  electrolyte  \s  less.  On  suliscquent 
cooling,  the  liquid  still  retains  a  little  of  the  increased  conducting  power 
which  it  had  acquired  by  heating.  (Matteucci.) — In  a  larger  volume  of 
Water  exceeding  an  inch  in  diameter,  the  influence  of  heat  is  impercep- 
tible. In  dilute  sulphuric  acid,  a  very  feeble  current  of  12°  is  increai=t"d  to 
30"  by  igniting  both  the  electrodes,  or  only  tho  negative  one, — wherc.i« 
heating  the  positive  electrode  aloue  has  no  cfTect  whatever.  Similar) v 
with  nitric  acid,  the  deflection  is  increased  from  12°  to  80'  by  heating 
tthe  negative  electrode.  (Do  la  Rive.)  [The  apjdication  of  beat  to  the 
negative  electrode  probably  lilieratea  the  bubbles  of  hydrogen  gaa  which 
cover  that  electrode  in  largo  quantities,  and  hinder  the  transference  of 
electricity.] — Tho  deflection  of  tho  needle  is  likewise  increased  by  heating 
t!ie  positive  electrode.  (Faraday.)— Heating  the  positive  electrode  in- 
creases the  current,  only  when  the  torapcrature  is  raij?ed  to  the  boiling 
point  of  the  liquid— the  hoat  then  acting  by  mechanical  agitation  and 
removing  from  the  negative  electrode  tho  Bubstiinces  (gae^bubblca) 
which  have  been  carried  towards  it:  hence  llie  deflection  is  likewise 
increased  by  shaking  the  negative  electrode.  (Vorsselman  de  Herr,  J*osjf. 
48,  109.) 

The  deeompoBition  of  water  goes  on  in  a  sealed  glass  tube  containing 
two  platinum  wires,  even  when  the  water  ia  subjected  by  the  accumutatea 
detomtipg  g(i9  to  a  pre5i»uro  of  eleven  atmospheres,  the  deflection  of  tb« 
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vanameter  even  increaaing  a.  little  under  theeecircomstaticea,  {Jsmohl.) 
lie  ilcvelopment  of  gaa  still  goes  on  when  the  water  is  Btibjectud  to  a 
prA&%iiro  of  150  atmospheres,  till  at  length  the  tube  burats.  (Degeo,  Fo</ff, 

Infittettre  of  the  Relative  Volume  of  the  Electrolyte  on.  Deeompoiition. 

When  the  current  from  two  tjairs  of  sine  and  platioam  excited  by 
dilute  salphurio  acid,  is  conducted  by  moans  of  two  platinum  plates  into 
dilute  Bulplriiric  acid,  the  atreiigth  of  tho  current  is  the  aame,  wliether  the 
plattunm  plates  nre  at  the  distance  of  six  inciies  from  one  another  or  se- 
pamted  ouJj  by  the  thickness  of  a  sheet  of  paper.  (Faraday.)  [With 
paro  water,  s.  greater  difference  would  probably  be  found.] 

The  thinner  the  Gltu  of  licinid  which  the  current  has  to  traverse,  the 
greater  is  the  deflection  produced.  Tho  increase  of  deflection  paused  by 
diminieliing  the  thicknosi!)  of  the  liquid,  is  the  more  cousidemble  as  tlie 
conducting  power  of  tlio  lifjuid  is  less  [i.  e.  as  tho  resistance  to  tho  tmns- 
pisition  of  atoms  is  greater].  When,  however,  by  eulnrgiiig  the  platinum 
plates,  the  current  has  been  raised  to  its  niaximnmj  tho  deflection  is  no 
longer  increased  by  bringing  the  electrodes  nearer  together.    (Matteucci.) 

The  di«tanctj  between  the  electrodes  reinaiuing  the  samSj  the  deflec- 
tion i.^  nufpnentef]  up  to  a  certain  point  by  increasing  the  height  and 
breadLJi  of  the  liquid;  but  when  the  increase  in  dinienaion  is  carried 
fBrther,  the  detleettou   diminishes.     The  deflection  is  stronger  when  tho 

ttivo  electricity  enters  by  tlio  narrower  part  of  the  liquid,  and  the 
w^tivo  hy  the  wider,  than  iu  the  contrary  case.  (Matteucoi.) 

Jnjtuence  of  the  C/teniical  Xaittre  of  ike  Eledrodts  on  Dfcoinposiiion, 

Tho  greater  the  tendency  of  the  electrodes  to  combine  with  those 
elements  of  the  liquid  which  aro  set  freo  upon  them,  the  more  easily  does 
the  decomposition  takes  place. 

If  the  quantity  of  electricity  in  the  current  of  a  single  pair  of  sine  and 
copper  plates  in  dilute  sulphuric  acid  be  equal  to  1000  when  the  circuit  ia 
closed  by  good  metallic  conductors,  it  will  amuupt  to  the  following  quan- 
tities when  the  current  is  conducted  by  the  nnder-meatiuned  electrodes 
into  the  following  liquids:  zinc  plates  in  water,  0*8;  in  fuming  oil  of 
vitriol,  647;  in  a  mixture  of  1  part  of  sulphuric  acid  and  3  parte  water, 
851; — platinum  electroJea  in  hydrochloric  acid,  2Gj  in  nitric  acid,  17'7; 
in  ai^ua  regta,  338*3.  Hence  it  appears  that  those  liquids  which  do  not  act 
chemically  on  tho  electrodes  offer  the  greatest  resistance.   (Feehner.) 

If  the  cups  a,  b  {App.  2),  contain  dilute  sulphuric  acid,  o  consititing  of 
«inc,  p  of  copper,  and  jjf  A  t  of  one  of  the  following  metate,  no  hydrogen 
gas  is  evolved  at  tho  end  p  when  yh  t  consisUs  of  pbitinuni,  and  only  a 
trace  when  it  is  formed  t.f  gobl;  next  follows  silver,  then  copper,  then 
tin,  then  iron,  and  lastly  zinc,  which  yields  mcmt  of  all.  If,  however,  the 
two  cups  contain  auimonia,  the  deflection  is  stronger  when  ffki  conaistsof 
cojiper  than  when  it  is  formed  of  iron.  (Do  la  Rive.) 

When  the  positive  electricity  of  a  pair  of  zinc  and  platinum  is  con- 
dncteil  by  z'"C  into  dilute  sulphuric  acid,  the  quantity  of  the  current  ia 
the  some' as  when  tho  circuit  is  nielallically  closed  without  tho  interposi- 
tion of  a  liquid.  (Faraday:  vid.  -141.) 
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Injfnmee  o/tht  Surface  oflhe  Eledrodst  upon  Deeomp&tition. 

Electrodes  of  small  surfaee  erolve  as  much  detonating  gas  from  idls* 
lated  Wfttor  in  a  (j;iven  time  ns  those  of  a  lar<;er  sitrfat*.  (FarsJiy.) 
WLen,  howevur,  the  current  ia  strong,  tbe  decoinprtaition  diuitDisbn  tf 
the  electrixlo  lie  too  small  ti>  alluw  freo  passage  to  tbe  iiurreut;  tliiu,a 
Dsnieirs  Initlfry  of  ten  pfiirs  pelds  27  cnbic  incliea  of  detunfttiBg  ga«, 
whprlier  tbe  electrtvdcaare  formed  of  broad  jilates  of  platinum,  or  of  wirw; 
but  if  tbe  hitler  are  covered  with  resin  tn  witbin  a  quarter  of  an  tncb  of 
their  points,  the  quantity  of  g'as  per  mtimto  \s  reduced  to  2-3  cub.  in.; 
and  when  they  are  coated  np  to  tbcir  points,  it  is  only  0  8  cufc.  la.:  la 
thi«  last  case,  the  ea«ig  driven  into  the  liquid  with  eome  force.  (DanielL) 
— W'itb  cnrreuta  or  smaU  quantity,  im  the  pontrary,  tbe  drcoinpo^ition  is 
increased  by  diiiiinishinj.'-  tbe  bisc  of  tbe  elcctrodps,  and  thepeby  coneen- 
trating  lht>  currt-nt.  (Wollaston,  Mattcucci.)  Tbe  deflpction  is  likewiw 
stronger  when  the  positire  electricity  euteri?  by  a  narrower,  and  the  nega- 
tive electricity  by  a  wider  electrode,  tban  in  the  contrary  case  [becanse  a 
greater  quaatity  of  ga«  ia  erolv^ed  at  Uie  negative  electrode].  (Matteocci.) 

BecompOBition  of  Individual  Compounds. 

Nicholson  and  Carlisle  discovered  the  decompoaition  of  water,  !!»• 
Bibget-  &  Bertolius  that  of  saXts^  Sir  H,  Davy  that  of  the  alkAlIa. 


Water. 

Tbe  electric  cutTeiit  acta  more  readily  on  water  contained  in  a  bunale  ' 
of  ashegtus  fibres  tlian  on  a  column  of  that  liquid  of  e<jual  IcDgtb  and 
tbiclincss  in  a  U-lube.  (H.  Davy,) 

Miuiy  substances  which  are  soluble  in  water  favour  its  decompositioa  j 
(p.  443);  but  with  a  powerful  battery,  the  same  quantity  of  detonaltngj 
gis  IS  obtained  in  a  given  time,  whether  tbe  water  w  mixed  with  a  largal 
or  a  small  quantity  i>f  sulphuric  acid,  or  holds  in  sulution,  potash,  «od»,.| 
carbonate  of  putadi,  «uEphato  of  animotiia  with  excess  of  nminonta,  or  eul-*/ 
pbate  of  soda.  Dilute  8ulpburicneid  nf  ep,  gr.  from  \'%ij  to  l-^iOH  is  hvit 
adapted  for  the  purpose.  Acid  of  1495*p  gr.  yields  a  somewhat  (jpeal*rl 
quantity  of  gas,  becuuee  ii  retains  le»9  oxygon  gaa  in  eolutiou.  Withl 
acid  of  Btill  greater  strength,  f.  g.  2  meaaurea  of  oil  of  vitriol  to  1  mea-i] 
euro  of  water,  only  0-57  volume  of  oxygen  gas  is  obtained  for  every 
volumes  of  hydrogen, — poesibly  because  the  predieposing  affinity  of  tb«1 
aulphuric  acid  favours  the  production  of  peroxide  of  hydrogen.  (Faraday.)] 
Counell  likewiae  obtained  with  these  JifiTerent  solutions,  and  also  wilkf 
that  of  boracic  acidj  constantly  the  etunc  quantity  of  detonating  ga«. 

When  water  is  divided  by  a  nicmbrane  Jnto  two  porttouB,  and  one  of 
tho  electrodes  of  a  powerful  battery  immersid  in  each  of  them,  tbe  wator 
rises  in  tbo  negative  and  sink*  in  the  positive  division.  (Porret.) — This 
efi'ect  ia  exhibited  by  distilled  water  and  rain-water,  which  arc  bad  coa< 
duotore,  but  not  by  saline  soUittona,^ — and  is  due  to  tbe  resistance  whioh  ! 
tb«  water  oppos«a  to  the  passage  of  positive  electricity.  (Dv  la  Bive. 
On  the  contrary:  This  effect  ia  seen  only  in  water  which  holds  in  eolii-j 
tion  some  salt,  by  the  decomposition  of  which,  alkali  collects  in  the  Dega^  ' 
live  and  a«id  iu  tbe  positive  division  j  and  the  rise  of  the  water  ia  not  a 
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dinwt  «oti«equeuoe  of  the  ftotioQ  of  the  dectric  current,  but  i«  prodtieed 

by  ondosinose,    (Dutrocliet,  Pogg,  28)  36;  mwp,  ScLweigger,  A'cAw,  16, 
983.) 

Water  not  fr^cd  frwm  ntmrisphi^rift  air  yieldB,  tn  conaequence  of  the 
nitrogen  which  it  con  tain  b,  nitric  maiA  in  the  positive  ^old  clip,  and  »m- 
tnoDia  in  the  negative  jfolJ  cup  conneeted  with  the  former  by  tneane  of 
fMbostuB, — the  nitrogen  combining  with  oiygeii  Rt  the  anode  and  with 
hyJriigen  at  the-  cathode:  the  <nmntity  of  the  nitrk-  acid  cuiitlttUftlly  in- 
crcMe«,  but  that  uf  the  amnionia  eoon  reache?  a  maximum,  If  the 
receiver  under  which  the  gold  cups  are  placed  1«  eihauptcd  of  air,  then 
flHed  with  hydrogen,  and  ngain  eibauslcd,  neither  acid  nor  ammonia 
appears  in  the  water.  (H.  Davy.) 

When  platinum  electrodes  arc  used,  eofflewhat  leas  than  one  raenaups 
i>f  oxygen  gas  is  obtained  for  every  two  meaaiiret  of  hydrogen;  for  the 
former  is  more  readily  absorbed  by  water, — partly  becauee  it  is  evolved  in 
smaller  bubbles,  partly  becauee  water  ia  essentially  capable  of  absorbing 
fviytfen  g*«  in  jpreater  quantity  than  hydrogen;  jterhapa  also  a  email 
quantity  of  peroxide  of  hydrngea  ia  formed  at  the  auodc.  The  detonat- 
ing ga«  likewise  contains  nitrogen,  which  was  previously  (Ui>snlvrHl  in  the 
water.  (Fanwlay.) — .fust  at  the  eomraeneement  of  the  decomposition,  the 
detonating  gas  contains  lees  than  its  normal  qaantity  of  oxygen,  because 
the  positive  platinum  wiro  oxidates  on  the  surfiice:  the  latter  portions  of 
detonating  gjis  contain  almost  exactly  the  proper  quantitir  of  oxygen.  If 
both  the  platinum  plates  liavo  been  previously  cleansed  (by  rubbing  them 
while  hot  with  hydrate  of  potash,  4lippiiig  them  in  oil  of  vitriol,  and 
waahing  with  water  oat  of  eonta^-t  of  air),  tlie  negativo  plate  iuimediately 
•Tolres  gas,  the  posilivo  platp  not  till  after  some  few  Boconds,  beeauso  the 
finrl  [Hirtions  of  oxygen  are  rotAine<l  by  the  platinum :  if,  on  the  other 
hand,  the  platinani  platea  have  lieen  ex|)osed  to  the  air  for  aome  time,  gas 
k  Inimedtalcly  disengaged  on  the  positive  plate,  but  often  not  till  after 
twenty  seconds  on  tlie  negative  plate, — hncause  the  fint  portions  of  hydro- 
gwi  set  free  have  to  reduce  the  oxide  of  platinum.  (De  ia  Rive.) 

Clean  platinum  wire  need  in  rapid  alternation  OiS  positive  and  nega^ 
tivc  electrofle  becomps  covered  with  a  black  powder,  consisting  of  finely 
divided  melaliic  plalinuin;    for  the  metal,  iu  conducting  positive  elec- 

ity,  t)ikes  up  a  irato  of  tho  liberated  oxygen  and  fafraa  an  oxide, 

jch,  when  afterwards  used  as  a  cathode,  is  reituced  by  the  hydrogen  to 
ic  iitfitc  of  finely  dirided  platinum. — If  tlie  electrode  <i  eonsiata  of  a  tliiii 
platinum  wire,  and  the  electrode  6  of  a  broad  plate  of  the  same  metal, 
the  volumes  of  oxygon  and  hydroEcen  gas  evolved  from  water  nciiiitlated 
with  sul|dnirlc  Ht'id  are  in  the  exact  prfjportion  of  1  ;  2,  when  n  is  used 
!W  the  anode,— bfca'i^e  the  enmll  surface  of  the  wire  can  take  up  hut  a 
trifling  quruitity  of  oxygen;  but  when  6  is  uwd  a.^  anode,  the  quantity  of 
oxygen  is  delicicnt;  and  if  6  be  ttien  put  in  (he  pUce  of  the  cathode,  the 
tjmuilitr  of  hydrogen  ttp]>ear8  deficient,  because  a  portion  of  that  element 
j^  iin  rcftucins  tlio  oxide  previously  fornted  on  h.     Ilnnce,  when 

pi-,  ,  (lich  !in4  been  nsed  as  anode  is  afterwiinle  innd^t  to  ctmduet 

negative  electricity,  mmw  «et-oudf<  elapse  before  hydni^ren  ga*  appears  on 
(tB  «irfn<*o,  hpcauBo  the  first  pfirtionn  enter  into  combination  with  the 
oxygen  of  the  oxiile  of  (dattnum.  This  power  jKJssessed  by  ptatintini  of 
Hxtng  oxycen  on  it«  nurface  explains  the  fact  anmninced  by  IVdct,  vii. 
that  pl:itiiium  miiy  be  positive  with  regard  to  gold.  Grold  wire  used  as 
the  anode  in  dilate  sulphuric  acid  acquire.^  a  reddish  tinge  from  oxidation, 
d,  when  tlie  poles  are  changed,  becomes  pulterulent  on  tho  flurfkce,  in 


44^ 


ELECTRIClTr. 


ooasequeaOe  of  reduotioti  of  the  fold  previotisly  oxidized.  {Th  l»  Eire, 
^Offg.  46,  489;  aud  more  fully  in  Foffff.  54,  378,) 

To  Guliject  a  litjuid  to  the  action   of  rapidfj  alternating   currently 
Clarke's  magneto-eloctrio  appaiatuB  may  be  usea  (or  Danieirs  coostaat 
battery  with  a  Commutator}.     To  determine  the  quantity  uf  tbti  curreat* 
&  Qreguet's  thennoiiicter  may  be  iutorjwsed  in  the  cirniit.     The  Icsa  ih4 
cai'i^nt  is  retarded  by  the  liuuid  and  electrodes,  the  hi^lier  will  be  tbf 
temperature,  =  T.     The  liquids  experimented  upon  are:  1  meuBure  of  oi| 
of  vitriol  to  &  measures  uf  water  =  V,  and  1   measure  of  coiK-enHute 
nitric  acid  to  3  nieaaures  of  watef  =  N.     The  quantity  c>f  mi^ed  bydr 
^u  and  oxygen  gases  evolved  in  the  constant  interval  of  five  minutes  ^.  G^ 
The  residue  obtained  after  tho  (surcessive  detonation  of  all  the  Beveiml 
quantities  of  gas  =  R.     The  rcaulta  are  as  follows: 

Two  platinum  wires  in  N  give,  at  the  beginuing^,  I'i  cub.  in.  G  (Id  5 
minutes),  T  ^  20';    aftur  20    minutes,  0'7   cub.  in.   G  (in  5  tninutee); 
T  =  3'i°;  after  40  niinuteft,  only  0-05  cub.  in,  G,  and  soon  afterwards, 
©volution  of  ga-*  ceases;  T  =  35",     The  wires  become  ©jnipletely  cover 
witb  black  puwder,  consJating  of  finely  divided  pktinum.      The  whol^ 
quantity  ofgtis  obtained  amounts  to  7  cubic  incheaj  and  after  explosion  tliw 
jwniains  0'S5  cab.  in,  R,  which  is  a  mixture  of  oxygen  and  nitrogco:  tha 
liitter  probably  arises  from  air  contained  in  the  water,— the  former  frum>1 
the  nitric  acid  having  exerted  a  eligbt  oxidating  action  on  the  platinoin^.i 
and  hydrogen  having  been  expended  in  the  reduetiou  of  the  uidde  thai 
formed,, 

riatinam  wires  in  V:  In  the  first  5  minutes,  1-4  cub.  in.  G;  after 
minntes,  0'5;  T  ^  50^     After  explosion,  there  remains  03  tub.  in. 
oonsiating  of  01 5  cub,  in,  of  hydr<jgeu  gas  and  0I.>  cub.  in.  of  nitrog«i). 
The  excess  of  bydrogen  is  due  to  the  oxidation  of  tli'e  platinum. 

Gold  wires  in  N:  In  the  first  5  mimvtos,  r.i  cub,  in,  G;  T  =  21;  afwr 
40  minutes,  09  cub.  in.  G;  T  =  27*.     When  the  experiment  ia  continued  ' 
for  a  longer  time,  the  evolution  of  gas  no  longer  diminishes,  and  T  no 
longer  increaaes.     R  amonnts  to  0*4  cubic  inches,  consisting  of  0  2  oxygen 
gaa  and  0'2  nitrogen^  when  the  experiineut  is  continued,  R  does  not  in-^f 
crease  any  further.  S^ 

Gold  wires  in  V:  At  first,  I'l  cub.  in.  0;  after  40  minutes;  almost  0 
G;  Ti^44"^;  022  cub,  in.  R  consiating  of  0-16  hydrogen  and  0'06  ni- 
trogen. 

Silver  wires  in  V  give  no  perceptible  evolution  of  gas;  T  ^  50°. 
Copper  wires  in  V  evolve  goa  at  intervals,  and  generally  in  reay 
small  quantity,  probably  nothing  but  hydrogen;  T  varies  from  43"  t» 
46°,  according  an  more  or  less  pis  is  evolved.  The  wires  oxidate  sUi^btly, 
and  acquire  a  pulverulent  eurfac*,  while  a  portion  of  oxide  of  copper 
diseolvee  in  the  acid.  Gold  and  silver  wires  likewiao  acquire  pulvernlont 
suriiices. 

Lead  wires  in  V:  In  the  first  five  minutes;  0*5  cub.  in.  hydrogen  gta^ 
T  Taryrng  from  5"  to  G\  The  liquid  is  rendered  turbid  by  a  white  pow- 
der [sulphate  of  lead  J],  with  which  also  the  anode  becomes  covered  aud 
consequently  isolated;  iienee  the  small  rlt^  of  temperature. 

Iron  wirea  which  evolve  0*35  hydrogen  gas  from  V  without  tb»  aid  of 
electricity,  give  in  the  clectrie  current  10  cub.  in.;  T  =  3,3", 

Cadmium  wires  in  V  give  scarcely  any  gas  without  the  aid  of  iIm 
current,  and  no  more  when  placeJ  in  the  current. 

Zinc  wires  give  about  the  same  qnantity  of  gm  with  utid  withoat  tii%- 
•nrrent. 


The  srottller,  tlierefore,  the  erolution  of  gas,  and  the  more  the  pusaa^ 
of  the  current  is  facilitated  hy  oxidntma  and  deoxidation,  the  higher  is 
the  teraporature  produced,  aod  the  greater,  therefore,  tbe  quantity  of 
electricity  which  paaaea  through.  The  higher  the  temperature  shown  by 
the  Breguet'a  thermometer,  the  colder  does  the  liquid  remain.  (De  I& 
Bire,  Pofft;.  54,  497.) 

[When  once  ^  flufficient  quantity  of  finely  divided  platiuum  has  been 
formed,  the  evolution  of  gna  ceases,  becauae  tbe  platinum  in  this  state 
readily  takes  up  the  oxygien  separated  from  the  water  by  the  action  of 
tbe  current, — and  while  one  wire  is  oxidixcd  in  this  manner,  the  other  ia 
deniidized  by  the  liy<lrogen:  the  opposite  current  which  iraniodiatejy 
eacceeds,  reverses  the  process — and  so  oa.  The  current  has  now  no  further 
decomposition  to  eft'ect,  wliich  is  not  immediately  compensated  by  the 
formation  of  a  new  compound,  and  therefore  its  whole  force  is  exptiDdcd 
in  tran.'fpcfiin^  the  atoniH.  Hence,  fis  the  evolution  of  gas  ditiiinishes,  the 
tjurrent  incre«.?es  iu  quantity,  and  hcat.'j   Breguet's  thermometer   nioie 

.  strongly;  and  as  (he  dei;oinpoeition  of  the  water  ceases,  the  rise  of  tem- 
wrature  in  the  litjuid  which  accompanies  this  decomposition,  ceases  abso. 
The  case  is  similar  with  the  other  metals,] 

Chiircoal  nsed  as  tho  anode  in  the  decomposition  of  watef  scldiilated 
witli  sulphuric  acitl,  evolves  carbonic  acid  aud  carbonic  oxide  gaa«a. 
(Faraday.) 

Autimony  used  as  an  anode  in  water,  becomes  covered  with  suboiiJe. 
When  mercury  is  placed  nnder  water  acidulated  with  snlpliurtc  acid, 

I  ftnd  the  platinum  cathode  dipped  into  the  mercury,  while  the  anode  ts 
tmmcrsed  in  the  water,  the  negative  wire  beeomcs  quickly  umatgnmated,' 
and  the  mercury,  which  lias  thus  been  made  to  net  for  a  time  as  the 
cathode,  has  the  power,  when  taken  out  of  the  circuit,  of  quickly  ainalga- 
niatmg  wires  of  platinum,  iron,  or  Steol.  This  cH'cct  is  due  to  a  trace  of 
an  alkali-nietat  U>t  hydrogen]  which  tiic  mercury  has  taken  np  by  elec- 
trolytic action.  (Grove.) 

Tellurinm  actio"  as  cathode  in  water  generates  tellurettcd  hydrogen, 
which  dissolves  and  is  again  decomposed  by  the  oxygen  separated  at  the 
anmle,    the    tellurium    being   precipitated    in    brown    flakes;    hence    Iho 

I  quantity  of  oxygen  evolved  is  but  small.  (Magnus.) — When  sulphur  or 

i  Bek'nium  is  attuched  to  the  platinum  cathode,  a  yellow  precipitate  of  sul- 
phur or  a  T«d  precipitate  tif  sefeniuni  is  obtained,  snlphuretted  or  sele- 
niuretted  hydrogen  being  first  formed  and  then  decomposed  by  the 
oxygen,  which  would  otherwise  escape  at  the  anode.  (Magnus,  Popj.  17, 
521.) — Antimouy  acting  iu  water  as  cathode,  is  said  by  Kuhland  to  yioM 
a  brown-black  compound  of  antimony  and  hydrogen. 


J}evfl&pment  of  an  Odoroit*  Sub*tance  in  the  Decompotltltm  of  Water, 

The  decomposition  of  water  is  attended  with  the  production  of  a  pecu* 
liar  odour,  which  ia  confined  to  the  positive  electrode,  so  that  wben  the 
hydrogen  and  oxygen  gjises  arc  collected  in  separate  vessels,  the  latter 
only  ia  affected  with  the  odour.  The  odorous  principle  ts  developed  only 
when  gold  or  jilatinum  is  used  iLs  tLo  anode ;  not  with  oxidable  metak  or 
charcoal.  The  odour  is  perceived  when  the  water  holds  in  solution,  phoB- 
phuric  acid,  suiithuric  acid,  nitric  acid,  nitre,  phosphato  of  potash,  or 
BDlphatc  of  soda;  nut  when  it  contains  byponitric  acid,  bydrocblonc  acid, 
bydrobroniic  acid,  metallic  iodides,  bromides,  or  chlorides,  or  protoeul* 
pb&ie  of  iron;  it  is  only  occaiiionally  observed  in  aqueous  solution  of 

VOL.    u  2  0 


45U 


ILECTRICITY, 


potasb,  n«Ter  la  nrtrio  acid,  either  concentrated  or  of  tbe  ordinary 
etrcikglb ;  it  \»  not  evotred  when  tbe  afiimous  solutioaa  are  he*te»l ;  il  is 
dtmngest  in  sulphuric  acid  liiluLed  with  sii  tinies  its  weifrbt  of  water. 
Tlio  twlour  in  its  concentrated    state  is   powerfuUjr  sulpii  Itoii 

diluted,  it  resemblea  that  of  pbosi>horas.     Both  the  oxjgen  «  ^  <  <  ted 

eeparately,  and  the  mixed  pasea  cullected  together,  posaees  the  odour,  MA 
retain  it  when  kept  in  well-atopp<?d  vcftaeU. 

The  oxygen  gao,  when  collected  in  a  bottle,  quickly  loses  its  oclour  by 
contact  with  a  smiUl  quantity  of  powdered  charcoal,  arsenic,  aotitnouy, 
bismuth,  or  filijigs  of  zinc,  tin,  lead,  or  iron;  most  qnickly  by  contact 
with  charcoal  ana  iron.     The  odour  is  likewise  destroyed  by  small  quan- 
tities of  the  solution  of  byponitric  acid,  protochlorido  of  tin,  and  proto- 
chloride  or  protosulphate  of  iron ;  likewise  by  heated  gold  or  plalinanu 
But  cold  platinum  or  gold  leaf  held  in  odorooB  oxygen  gw  becomes  no, 
tivo  towards  otUor  portions  of  platinum  or  golJ,  when  counccted  wi 
thoiii  by  means  of  the  galvanotneter  and  immersed  in  any  watery  li<{a)d4 
The  current  ia  strong  but  eooii  c«a.^es.     The  metak  retain  this  neg&tirf 
etato  in  air  for  «oine  hours,  but  lose  it  in  a  few  Boctindu  when  immersed 
hydrogen  gas,  and  become  poBitive  when  kept  in  that  gas  for  a  Lmgc 
time.     Copper  also  exhibits  this  effect,  hut  in  a  slighter  degree.     Whenl 
tho  odour  of  oxygen  gsks  has  been  destroyed  by  any  of  the  above  ineti:uMl%| 
gohl  or  plfttinum  no  longer  becomfs  neitcntive  in  it. 

This  same  odour  i&  perceptible  after  a  fitroke  of  lightnings,  and  like- 
wise when  Sill  eioctrical  machine  is  being  uacvl.    By  the  electrical  machinu 
also,  platinum  and  golJ — and  likewjso  copper  in  a  slight  degree — may  b«  i 
rendered  negative,  the  metal  being  Itold  fur  u  few  turns  of  the  machine  atj 
aliout  au  inch  distance  froni  the   blunt  ond  tif  a  rod  inderte<l  into  ibr  C0114 
ductor,  su>  a^  to  expose  it  to  the  pofiitive  electricity  issuing  therefrom,  ol 
else  exposed  to  the  negative  electricity  given  out  from  the  rubber.     Pin 
tinum  does  not  became  negative  when  tho  point  of  the  conductor  or  ibl 
platinum  itself  is  hot  or  damp,   in  which  Ciiso  no  gniell  is  1  '  'lo,- 

ucither  is  the  negative  state  induced  when  the  platiuuni  it  ^  'bed, 

to  the  conductor,  and  forms  the  point  from  which  the  electric  liluiil  i^u 

The  odurouii  principle  mu^  he  a  gas  analoguns  to  chlurinc  or  bromine 
It  is  either  an  oxide  of  hydrogen,  coaUiiniug  more  oxygen  than   ihd 
peroxide  commonly  a«  callej  (this  hjTJOthesis  is  pcrbnpg  the  least  hazard- 
ous), or  it  is  a  simple  subf.tiuce,  Ozfrne,  which  perhaps  existjs  in  coiubiuii 
tion  with  hydrogen  in  water,  and  likewise  in  the  aqueous  vap>ur  of  th< 
air,  and  is  liberated  at  the  same  time  that  the  water  is  decomposed. , 
(Schonbein,  Pog^.  50,  fTlC.) 

With  a  feeble  battery,  no  odour  is  perceptible  if  the  anode  consist*  of 
a  large  plate  of  platinum  ;  but  a,  strong  odour  is  emitted  when  the  aiiodo 
is  formed  of  a  platinum  wire  coated  up  to  the  point  with  wax.     Wb(»n,d 
from  long-continued  action  of  the  current,  the  acidulated  water  becomeal 
very  hot,  the  odour  ceases  to  be  emitted,  but  a  black  powder  makes  itai 
appearance,  consisting  of  finely-divided  platinum  separated  by  the  ele 
trie  current.     The  mlour  varies  a  little  according  to  the  nature  of  iht 
metal  of  which  the  anode  conisi^tsi  with  platiQuai  and  silver,  it  is  sliarpec 
and  more  unpleasant  than  with  gold;  with  copper,  it  ia  feebler  and  of « 
ditferent  character.     The  odour  is  due   to  finely-divided  metallic  oxic 
diffused  through  the  liberat&d  oxygen  gae.     The  electric  tipark  like« 
contains  JSnely-<Iividcd  nietallie  particles  separated  from  tbe  c/>nduclor»l 
and  substances  in  a  state  of  minute  division  are  found  in  the  track  of  1 
rtroko  of  lightning.  (Do  la  Rive,  Poff^,  64,  402.) — When  silver  and  otherj 
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metals  are  burnt  In  the  oiyg«n  gas  Uowptpo,  in  wliicli  case  the  oxiJe  riws 
iQ  s  state  of  minute  diviminii,  no  phospboric  uilaar  is  emitted.  (Gm,) 

Peroxitie  of  hydrogen  (H  0->  ie  gradually  reaolved  into  niygen  gas— 
IP  j^cater  ijuantity  than  that  yielded  by  water — and  hydrogen  ga«. 
(Thenard.)  [Supjiosinj!;  no  water  to  have  foen  mixed  with  tlic  }icroxid«, 
thi»  erpcriment  must  be  regarded  as  testifying  against  Faraday's  law 
(p.  *34.)] 


Agneout  Sotution  af  lading,  Bromine,  or  Ckf^riiU. 

Iodine  and  bramitie  faciJitate  the  decompoaitioQ  of  wat«r — without 
being  themselveB  transforred  to  either  of  the  poleis— appareutly  by  com- 
bioing  witb  the  hydrogen  liberated  from  tho  water.  Sulution  of  bromine 
yields  a  mere  trace  of  bydrogen  gas  at  the  ncgntive  polo  ;  with  solution 
of  iodine,  the  quantity  of  bydrogen  obtaine*l  ia  thrces-fimrlhs  as  great  m 
that  cfillected  in  a  voltameter  interposed  iu  the  circuit.  (Connell.) — 
Balord  (-/.  pr.  Chem.  4,  IflT)  likewise  obtained  from  aqueous  solution  of 
bromine,  hydro hroinio  atid  at  the  negative  pole,  but  no  bromio  acid  at  the 
positivo:  chlorine  water,  on  the  (lontmry,  yielded  hydrochlofic  ACld  ilt 
the  negitlive,  and  a  littlo  i-hioric  acid  at  the  positiro  pole. 

When  bromine  is  added  to  a  solution  of  t^tarch  turned  bluo  by  iodine, 
a  yvllowieh  mixture  is  produced.  This  mixture,  subjected  to  the  actioa 
of  the  current,  tunis  blue  at  the  iii'gative  and  orange-coloured  at  the  posj- 
tivo  pHijlp.  Hence  iodine  is  transferred  to  tho  former,  bromine  to  the 
latter.  (De  la  Rive,  Ann.  Chint.  Phtjs.  35,  1^4.) 

A<iueou9  solution  of  oxido  of  oblorine  (Cl  0*)  yields  bydrogen  at  the 
catbfHlc,  iiiiil  a  email  quantity  of  oxygen  gas  and  pet^hloric  acid  (CIO') 
•^t  the  anode.  (Count  t>tadlon,) 

Aqueous  Oxi;gen-aeid-a. 

On  filling  aU-tabe  c«nipiotely  with  dilate  Phosphoric  aeid,  tying  over 
t)Olh  ends  with  bladder,  fixing  ench  of  them  into  tho  perforated  bottom 
of  a  separate  gla6B-ve«ficl  tilled  with  the  game  ditute  solution  of  phosphorio 
acid,  conducting  into  both  glasses  the  current  of  a  constant  Danteira  bat- 
tery, and  determining  at  the  same  time  the  volume  of  oxygen  and  hydrogen 
gMes  evolved, — it  is  found  that  while  one  atom  of  water  ifi  decompoised, 
only  from  onc-fifth  to  one- fourth  of  an  atom  of  phosphoric  acid  has  been 
Mrried  over  to  the  positive  glass.  (DanicU.) 

An  iron  wire  serving  as  thQ  anode  does  not  dissolve  in  dilute  phos- 
phoric acid;  but,  like  platinum,  it  develops  oxygen  gas  when  the  circuit  is 
ultim.'itely  closed  with  it.  On  the  contrary,  it  oxidises  and  dissolves  when 
imm^Tsed  before  the  rotst  of  the  circuit  is  closed,  bcoanse  in  this  case 
cb'tnirul  iicfion  i)rcccde.<i  that  of  tho  electricity. — Iron  nsed  as  an  anod« 
in  aqueous  hypr!plHis|>liflrou9  or  phosphorous  acid  dex'elops  no  oxygen, 
pjsnibly  liecaiiw;  phosidmric  acid  \s  formed.  (Sdinnbein.) 

Concentrated  pliu'?ithnric  acid  produces  a  metallic  pbospburet  on  a 
aitbode  conwwting  of  cnpjicr  or  platinum.  (H.  Davy.) 

^      Comninn  hydrate  of  phosphoric  acid  yields  merely  oxygen  and  hydr»- 
gm  gas,  withoiit  sensible  precipitation  of  phosphorus.  (Faraday.) 

Lfihtlf  Sulphuric  acid.  If  two  cups  a.b,  connected  by  asbeattia,  con- 
tain diliito  Butphiirtc  BciJ,  and  the  two  following  cupa,  c,d,  likewise  coa- 
nectod  by  Mbttstua,  contain  solution  of  sulphate  of  soda,  the  quantity  of 
iR^linric:  a«id  in  which  is  the  aamfl  as  that  in  a  h, — ^then,  on  conneeting 

2  o  2 
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k  flk/Sm^  wrnv  mai  iiffiMg  tlw  poKUvt  vifv  laio  4  tail 
^  it  a  f>a»l  ftficT  a  titfn  tfttti  «4ile  -^  of  tli«  tulpbvrk 
r  ^      hsM  e  ixto  <  tbe  ^vaa^ty  «^iefa  p&sMs  from  a  to^  ii 
I         ■!■■  Vt *^  T*      Hc^BCtt  1*  •PP"*"  *^1  ^'^^^  em^ter  affiahrd' 

e  ^ft^OMm  far  ffco^^onc  MiHi,  defcrib«<i  on  poee  451 ,  obIj  (nm 
I*  ■ae-fantb  tf  aa  mtom  of  anJptutrie  mmI  g«««  over  into  tbe 
Diy  fcr  *rerj  «a>B  of  vaier  AeooaifMHl,  mxsA  tiaa  is  tbe  ai5« 
W  iW  J  HI  LIB  sf  4il«tM^  *»A  vlkrtlier  th«  aaode  cooiuA^ 
(DumJL) 
wM,  ins  acta  ta  the  pontile  raadartor,  just  m  in 

m  Ji]«t«  al|faBie  asid  «m*isf  of  copper,  little 


I  W^Mlrtw  jtfuairiay  a  Ute  colaar.    The  atlitxto  p^ii^ 
•  ranUbCa  m  qaaaUtr,   bat    does  ii«i 
!  ^ja ;  at  the  uaaif  tin«,  laetallie  «ofiptr 
li  m  imaliai  mAm  aad  «f  a  W«n-i«d  edear,  b  dMoaisA  at  the  eatlwdii. 


Oil  flf  TiCrU  iMfnia  iKe  ruKot  mach  Ban  thaa  dilate  Btthihiine  Mi^^ 

i         9mg  wajmm  gas  si  the  laoiat  aa4  <aljihaT,  lag'nthef  wrtn  h5idrogni 

htm  &^kar,  at  the  csAode.  (TWaihj-) — jl^  wpper,  or  b«*M, 

^  aa  th*  — *Jt.  kacsaHa  e«««nd  vilk  a  awa  wiiidiHiling  ea)pha.l«. 

'  >n«4Bi  tha  caww^  ia  aaiA  a  ■aoatr,  that  «■  l««eliin^  the  oi)  «f 

<nlk  a  caalacti^  aalj  Ifag  a«gaiire  elennettr  of  the  liatl«T  i^ 

rs:  btsM  the  «ii  «f  titnil  acta  v  a  naipaUr  cwadiMtor.     Wlben 

h  M  itfanaalaf  bdar  tia.  threafivalenatJBiiea, — because  the  ml- 

^  pHiat  af  thaw  ■«t*ltf  dkaolre  ui  thr  oil  ttT  ritnol ;  siJvw,  S^H  or  pUti- 

a^B  aa  ika  aaada  alia  grr«s  a  coatiaaoos  carrest,  Weaaee  no  salpbate  i« 

ft«da(«4.  ((Am,  SA».  S%  SSiS) 

JfMAMf*  wi/wfiMi  **'  SmlpJkmroms  acid  yields  oxTgen  gas  and  nilpharie 
acid  at  the  ^AsttiTY  pole,  hTdrogen  gas  and  solphor  at  the  neeatire  pole. 
The  qaaatiues  of  oxrgea  and  hrdroeen  aetaallj  erolred  aie  wsi  thaa  in 
a  TifiltaaiqHiN'  plac«d  la  the  saaK  ctrcait,  beeaase  part  of  the  oxj^en  is 
expeaded  ia  oxidiziBg  the  salpharoas  acid,  and  part  of  tbe  hjdncen  in 
redaciag  the  salphar.  The  aeooaqrantioB  is  fiwilitated  hj  the  aMition 
of  a  sattU  qaaatitT  of  salpharic  add.  (Faradaj.) 

J  -/MA*tu  soimtiom  o*  Iodic  acid.  A  edatioB  of  1  part  of  iodie  acid  ia 
10  pan^  of  vater  jii^ds  oxrgm  gas  at  the  anode,  eqaal  ia  qaantitj  to 
that  IB  the  Tohanieter.  and*  iodine  at  the  cathode  withoat  any  hjdn^gen. 
Conscsjaeatlv.  tbe  vater  alone  is  Erectly  deoooapooed,  and  its  hydr^^ 
separates  iodine  at  tbe  cathode.  (ConndL) 

Hfpomitric  arid,  prepared  froin  nitrate  of  lead,  oondacts  uad  decom* 
po«>e$  slovlr. — bat  water  appears  to  be  present.  (Faraday.) 

.V»frK-  acid.  Verr  strong  nitric  acid  condoets  mU,  and  yiddsofxygm 
ga$  at  tbe  anode:  at  tbe  sane  time  it  tarns  ydlow  and  affcerwaids  red 
at  tbe  cathode,  and  altimately  erolyes  nitric  oxide  gas.  The  same  add 
diluted  vitb  its  ovn  or  a  larger  qaantity  of  water,  girea  bydiogea  gM  at 
tbe  m'^tire  pole,  the  qaantity  increasing  with  the  stm^th  of  the  ear- 
it^nt  and  tbe  dilution  of  tbe  acid.  Tbe  qaantity  of  oxygen  gas  <d>tamed 
from  either  strong  or  weak  acid  is  the  same  as  that  in  tk»  voltaowtar;  so 
likewise  ia  tbe  quantity  of  hydrogen,  if  the  specifie  gravitj  of  theadd  ha  not 
eater  than  1*34.  Hence  it  is  only  the  watw  that  is  duaetly  lUnnMipuat  il 
the  earreat,  tbe  hydrogen  liberated  frooi  tiw  water  ahatnMtiBg.«^geB 
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from  the  a«id,  when  not  too  dilute,  and  thua  *educing  it  to  the  state  of 
ttitrous  acid  and  iiitric  oxide.  (Faradaj.) 

When  the  current  of  a  small  cup-apparatus  of  sutteen  pairs  is  sdni 
throogh  nitric  acid  of  1"4!>  sp.gr,  the  negative  platinum  wire  OToIres 
h^drug^Q  gafl  for  a  moment, — after  wliich,  till  evolution  of  g-as  ceases^  and 
nitrous  acid  ia  produced.  Tiie  moro  dilute  the  acid,  tlie  longer  doee  the 
evolution  of  gas  continue;  la  a  niixUire  of  one  measure  qf  acid  and  one  of 
water,  it  la^ta  for  half  a  uiiuuto;  jq  a  mixture  of  one  measure  of  acid  and 
two  uf  water,  it  goea  on  naiiiterruptedly.  The  thicker  the  wire,  the  sooner 
doea  the  evtilution  of  gas  terraitiatn.  By  tlte  frtllowiog  methods,  platinum 
wire  may  be  brought  into  a  peculiar  condition,  in  which,  if  it  be  placed  in 
an  acid  of  such  a  strength  that  the  evolution  of  gaa  would  cease  after  a 
while,  it  will  evolve  no  gas  even  from  the  bi'ginningr^-1.  By  placing  tbo 
two  polar  wires  in  immediate  contact,  dipping  tlicni  thus  united  into  the 
»*id,  and  then  auddenly  separating  them.  (In  this  case,  however,  the 
acid  must  be  diluted  with  aomenrhat  le^e  than  one  measure  of  water.) — 2. 
By  igniting  the  negative  wire,  and  immersing  it  after  the  positive  wire. — 
3.  By  communication  :  If  the  negative  wire,  after  it  haa  ceased  to  cause 
evolution  of  gas  in  the  acid,  bo  joined  outside  the  lii^uid  with  another 
platinum  wire,  then  the  latter  wire  immersed  and  the  former  withdrawn, 
the  second  wire  will  evolve  no  gas  either  at  first  or  afterwards  j  more- 
over, the  same  property  may  be  coiniunnicated  from  this  to  a  third  wire — 
and  so  un. — A  wire  which  Thaa  lost  the  power  of  liberating  hydrogen  gas 
recovers  it  by  exposure  to  the  air.  The  time  of  exposure  must  be  longer 
as  the  strength  of  the  acid  is  greater.  In  the  case  of  acid  diluted  with 
aa  equal  bulk  of  water,  momentary  exposure  to  the  air  is  euSicient :  in 
t4»i3  case,  it  is  likewise  sufficient  to  interrupt  ihe  current  for  a  moment. 
Sometimes,  again,  the  samo  effect  is  produced  by  agitatiug  the  wire  in 
the  acid. 

In  these  experiments,  the  platinum  wire  perhaps  favonrs  the  combina- 
tion of  hydrogen  with  the  oxygon  of  the  nitric  acid,  in  the  same  manner 
as  it  acta  in  detonating  g«.— With  a  stronger  electric  current,  the  evolu- 
tion of  gas  at  the  cathode  takes  place  uninterruptedly,  because  the  water 
is  decomposed  loo  rapidly  to  allow  the  preceding  effects  to  take  place. 
CSchoiibeiu.) 

Iron  need  as  au  anode  in  dilute  nitric  acid  behave8  in  the  aanie  way  aa 
in  pho:sphoric  or  Hutphuric  acid,  retaining  its  pasalro  condition  with  even 
greater  facility.  (Schijiibejn.) 

When  platinum  wire  is  used  as  the  cathode  and  active  iron  wire  as 
the  anode^  in  a  small  cup-apparatus,  the  latter  being  first  immersed  in 
nitric  acid  of  1-35  sp.  gr.,  and  then  the  circuit  closed,  the  iron  conttuue* 
to  dissolve  and  evolves  no  oxygen  gas.  If,  ou  the  contrary,  the  circuit 
be  closed  in  aucb  a  manner  that  the  iron  wire  is  lost  immersed,  the  iron 
becomes  passive  and  evolves  oxygen  gas  juat  as  platinum  doea,  while 
nitrons  acid  is  formed  at  the  cathode.  If  the  acid  be  dilated  with  from 
20  to  400  mcasupe^  of  water,  then  under  the  same  circumstances  two  mea- 
sures of  hydrogen  gas  are  evolved  at  the  surface  of  the  platinum  for  every 
toenaure  tif  oxygcu  evolved  at  that  of  the  iron.  If,  however,  the  two 
wires  be  made  touch  within  the  liquid,  the  evolution  of  oxygen  ceases 
and  does  not  recommence  when  they  are  separated.  In  a  mixture  of  one 
measure  of  acid  and  10  of  water,  the  evolution  of  oxygen  on  tlie  iron  like- 
wise ceases  on  taking  the  pialiuum  wire  out  of  the  acid  for  a  few  seconds, 
and  then  dipping  it  in  again.  It  is  only  when  the  acid  is  very  dilute,  that 
evolution  of  uxygen  recommences  some  time  after  the  cloeing  of  the  cir- 
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Cttit. — \VTien  tba  negsttro  platinum  wire  which  Hberatfts  liydro|«D  gftA 
from  dilute  uitxic  iicid,  is  replaced  b_\r»o  iron  wire,  no  further  ovolutioo  of 
bydrogQu  take«  plst?.  Iron  which  b»s  been  rendered  passive  by  oicrie 
acid  ill  any  way  whatever  rcreiaius  pasjive  wbcn  m«d  as  Jtn  utiode,  even  ia 
the  most  diJnte  acid,  proTided  lliat  the  circuit  be  finally  closed  by  Ibe 
iron;  (if,  on  the  contT»ry,  it  is  itnineraed  in  the  add  befrtre  all  the  other 
partA  of  the  circuit  are  connected,  it  dussolves  continnonsly.)  The  exJst- 
€Ttoo  af  this  passiro  condition  in  nitric  acid,  of  a  degree  of  dilutioti  at 
which  it  easily  liisaolreD  peroxide  of  iron,  is  unfavonrable  to  the  itopposi' 
tion  that  tho  pecaliar  condition  of  passive  iron  arises  from  the  ft>miation 
of  a  filia  of  oxide.  [By  the  aetion  of  iho  current  the  iron  is  immediatcij 
Burrounded  with  concentrated  acid.]  While  the  cnrrent  continue!?,  no 
^fttdual  Aolationof  the  passive  iroo  (such  as  is  asserted  by  Faraday)  can  hb 
peroeived,  even  after  several  hours;  but  as  ^on  as  the  current  is  infer- 
rnpted,  the  wire  begins  to  di.s3olTc:  hence  the  passive  stato  is  direetlj' 
produced  by  the  current  [which  causes  cflncentraled  acid  to  accumuJato 
round  the  iron]. — When  dilute  nitric  aeid  is  disposed  in  a  layer  above 
eolution  of  potiieh  in  any  vessclj  and  the  positive  iron  wire  is  dipped 
through  the  acid  into  the  potash,  and  then  the  plntinaiu  cathode  tnnnerK<), 
the  portion  of  iron  wire  which  dips  into  the  potash  becomes  oxidated,  48 
well  as  that  which  ts  immensed  in  the  acid.  (Scbnnbcin.) 

When  iron  is  used  a.<»  the  nnode  of  a  battery  of  20  pairs  in  mir'tf  acW  of  ' 
ipecific  gravity  from  1'47  t**  1*3,  it  libera  teg  ojtyg-en  bat  gradually  disaolTwi, 
«vea  when  completely  immeriied  in  the  acid,  and  connected  by  means  of  ■ 

Sltinoin  wire  with  the  positive  polo  of  the  battery.  If  the  circuit  l>o 
en  nnclosed,  the  iron  becomes  covered  with  a  black  coatitije^  of  iusoltiblo 
«cdde.  Passive  iron  tiued  as  the  anode  in  a  mixture  of  nitric  aod  sul- 
phuric acid  liberates  osygen  gas.  (Andrews.) 

The  gaa  evolved  from  nitric  acid,  either  concentrated  or  moderately 
diluted,  at  tie  iron  anode  of  a  strong  battery,  is  not  oiyj^en  but  nitric 
oxide;  that  evolved  in  a  stmiLxr  manner  from  acid  30  tinier  diluted,  ia 
nitroua  oside.  From  tbia  it  follows  that  the  iron  is  oxidized  by  tho  uitrio 
acid,  althongh  it  retains  iu  metallic  lustre.    (Btiff.) 

Tin  used  as  an  anode  in  strong  nitric  acid  remsios  permaneDtly  pas- 
sive, and  stopa  the  passage  of  the  current  more  effectually  than  iron  or 
bismuth.  (Andrews.) — According  to  Bnff,  on  the  contrary,  tin  exkibitsi 
the  same  bebATiour  as  that  which  he  observed  in  the  case  of  iron. 

Zinc  nscd  tia  an  aiiodo  dissolves  in  strong  nitric  acid,  bat  much  mors 
slowly  than  when  the  current  ceases.  (Andrews.) 

Bismuth  when  it  forms  the  anode  h  attacked  by  nitric  acid  ns  ctroBgiy 
tta  when  not  pKiced  in  the  circuit.  (Schonboin.) — When  the  current  pro- 
ceeds from  two  pairs  of  amalgamated  zinc  and  platinum,  and  the  platinum 
capsule  containing  nitric  acid  of  ep.  gr.  1'4  is  connected  with  the  negative 
pole,  the  solution  of  tho  bismuth  immediately  ceases,— ^.lud  on  bre,ilting 
the  circuit,  the  metal  ia  found  to  have  been  rendered  passive.  If,  on  the 
contrary,  (he  eunent  is  excited  by  a  batteiy  of  20  pairs,  the  bismuth 
dJMolves  continaally  thongh  slowly,  and  seldom  apiiears  passive  after  the 
circuit  is  broken.  (Andrews.) 

When  copper  wire  forma  the  anode  in  a  mixture  of  nitric  and  sml- 
phuric  a<iid,  (he  galvanometer  after  the  first  instant  shows  hot  a  very 
feeble  current — the  decomposition  of  the  licjuid  cu.aees  entirely — the 
copper  wire  liberates  no  gas — is  not  attacked — and  when  the  circuit  is 
broken  it  is  no  longer  eoluble  in  the  nltro-salphuric  acid  (in  which 
likewise  aetire  copper  diAsolres  but   slowly);   at  (he  mme  tivut,  H 
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■ppe&re  brig^ht  od  the  snrfoce.     It  afpeara  then  tbnt  Ibe  copper  becomes 
Loavonxl  with  an  insulating  film.  (Grove,  PkU.  Maff.  J,  15,392;  abatr. 

yfonq^  40,  goo.) 

FusmI  Arsenic  add  containing  water  neither  contlncta  uor  anffers  de- 
coinpositton.  (Fara.Jay.)  Atjiicoua  si>lutii>n  of  arsenic  ia  rapidly  decora- 
with  iibmidant  depoi^ition  of  arsenic  at  the  ciithodo.  Aqueous 
tioua  acid  u  decuruposed  in  the  eanie  manner,  bat  more  slcrwlj. 
(Biadwf,  A'0islHei\  Archiv.  &,  43».)  [Was  not  arseniuretted  hydrogen 
ttrolred  at  the  same  tiiiiel] 

Afpuous  iohttioTts  of  Ui^drojen-acidg. 

These  acids  evolve  hydrogen  at  tlic  negative  pole  and  the  radical  at 
the  positive  pole:  the  latter  often  combiues  with  the  metallk:  electrode, 
but  is  set  free  wlien  graphite  is  nsod  as  the  anode. 

Hi/di-i'jdie  acid,  whether  coiiccotttited  or  dilute,  yields  the  same 
ijuantity  of  hydrrtgen  goa  at  the  negative  polo;  and  this  ijnantity  corre- 
sponds to  that  collected  in  tlie  voltametor  interjiosed  m  the  same  circuit. 
But  the  concentrated  acid  gives  only  iodine  at  the  positiro  pole;  tbe 
dtlnto  acid  gives  ]c<js  iodine,  hut  oxygen  ga^  with  it.  In  the  former  cae*, 
liydriodic  acid  alone  la  dccoiiiposed;  in  the  latter.  Ecirs  of  the  acid  bdt 
water  besides.  (Faraday.)  The  more  dilute  the  acid  and  the  atronger 
the  current,  tLe  greater  is  tlie  {quantity  uf  oxygen  gsa  obtained.  (Mat- 
teuoci.) 

Aqueous  Ifydrobromie  add  is  resolved  into  hydrogen  at  the  negatire 
pole,  and  bromine,  which  diBsolves,  at  the  positivo  pole. 

Concentrated  I/i/divchiorw  add,  or  a  mixturo  of  it  with  at  most 
H  rocasurca  of  water,  evolves  hydrogen  at  the  negative  and  chlorine  at 
tiie  positive  polej  a  siriall  portion  of  the  chlorine  combines  with  the 
platijium  of  ihe  anode.  A  mixture  of  1  measure  of  strong  hydrochloric 
acid  with  9  uieaaorea  of  water  evolves  a  little  oxygen  ttigether  with  tbe 
cLloriuo;  and  from  a  mixture  of  1  uieaaure  of  strong  acid  with  100 
uiea*urc8  of  water,  17  measures  of  oxygen  gas  are  evolved  for  every  (54 
meaitnrea  of  hydrogen;  consequently,  30  nieasores  of  chlorine  must  ho  set 
aet  free  at  the  ttaiue  time.  In  this  caee,  the  quantity  of  hydrogen  is  c«n- 
atant,  whatever  may  be  tbe  degree  of  dilution  of  the  acid.  Hydrochlorio 
acid  saeuii  to  be  more  inclined  to  ilecompo^itiun  than  water,  siuco  it  is 
only  when  the  acid  is  very  much  diluted  that  water  is  decomposed  at  the 
same  time.  (Karadny.) — Greater  intensity  of  the  electric  current  like- 
wise increases  the  i|uantity  of  oxygen  gas,  (Matteucci.) — When  the 
anode  cunBiiits  of  guld,  silver,  copper,  iron,  &c.,  a  chloride  of  the  metal  ia 
formed — and,  unless  it  be  cbForido  of  ciiver,  diasolres  tn  the  surrounding 
liquid. 

Passive  iron  forming  the  anode  in  aqueona  aoluttona  of  bydradd^, 
such  as  hydrochloric  acid,  is  always  dissolred,  in  whatever  wanner  tha 
circuit  may  be  closed.  (Sch&ubein.) 

Anhydrous  Ili/droJIuaric  add  yields  hydrogen  gas  at  tbe  negative 

Colo,  whilst  the  positive  platinum  wire  is  corroded  by  the  fonnation  of  b 
roWLi  substance,  probably  iluoride  of  platinum.  (H.  Davy.) — The  hy- 
drnted  acid  ia  not  decomposed,  only  the  water  with  which  it  is  united 
ruffering  decomposition.  (Faraday.) 

Hydfjtted  Uj/droci/amc  add  givea  passage  to  the  current  with  diffi- 
culty, — lauie  rcafUly  however  when  a  small  quantity  of  salphuric  acid  is 
addetl  to  it.     In   both  ca^ee,  tho  noriual  quantity  of  hydrogea  gaa  ie 
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obuiofrd  at  the  negmtiv-e  pole,  wUilet  cyanogen  dissolves  m  tho  liquid  i 
the  positive  t>oIe— as  was  fonuerly  shown  by  Gay-Luaaac.  (Fiumdrnv.) 

HyJrateA  Stilphocyanie  acid  and  Feri-oci/ank  add  behftve  like  lijdro- 
cj&nic  acid.  (Faradav.) — SulpUoc^uic  acid  accumulates  uadocompo<Rii 
At  the  positive  pole.  (Porret.) 

According  to  Faradaj's  and  Matt«ucci's  hjqiothesie,  the  liydracids  are 
directly  decomposed ;  but  according  to  Connell,  it  is  only  the  water  mixed 
with  them  that  eiiffera  direct  decoinpusition,  the  oxviren  separated  at  the 
aaude  combioing  with  (he  hydrogen  of  tbe  acid  which  it  there  meeifl 
with,  ood  fietltng  the  radical  free.  But  the  cxperimeDte  vu  wUcli  he 
founds  his  opinjon  are  by  no  means  eatijiim'tor^'. 


Metallie  SuljAurdt,  loitUht,  BrouiuUt,  CMoriJa,  Cpanidei,  Sti!pit^ 

c^dnides  and  Frn-oc^anidtir 

Fused  Liwr  of  Stdpfmr  yieUa  potaseiuin  at  the  cathode.  (Jaqnin,  GUi. 
38, 838.) — The  ytlhw  iolutton  of  SidpAuret  of  Putasfivm  (p.  375)  yie\d»  a 

Quantity  of  milphur  at  the  anode  and   hydrogen  gafi  at  the   cathode^. 
Faratlay.) — Fased  Sviphuret  of  Silver  is  decomposed,  to  a  sli^t  extent, 
into  sulphur  at  the  positive  and  silver  at  the  negative  pole. 

Fused  Iodide  of  Potatiium,  or  Iodide  of  Lttul,  le  resolved  into  iodine  at 
the  anode  and  metal  at  the  cathode. — Aquooas  solution  of  iodide  of  po> 
taiisium  ^nelds  iodine  at  the  anode,  potash  and  hydrogen  ga.s  at  tbe 
cathode,  water  being  decomposed  by  the  potassium  there  separated, 
(Faraday.) — Fused  Chloride  of  Lead  yields  Iea<l  at  the  cathode,  cliiorTne 
at  the  anude :  when  the  latter  censiata  of  graphite,  chlorine  is  set  free; 
but  when  it  cnstsists  of  platinum,  part  of  the  chloride  combinee  with  (he 

{ilatinam,  and  chloride  of  platinnm  becomed  mixed  with  the  chloride  of 
ead.  (Faraday.) — Fused  Protockloride  of  Tin  is  resolved  into  metallic  tin 
and  bichloride  of  tin,  the  latter  escaping  in  vapoar.  (Faraday.)^ Fused 
CMaride  cf  SHver  is  resolved  Into  silver  and  chlorine:  when  the  c?lectrodes 
are  formed  of  silver,  the  anode  loses  as  much  .stiver  as  the  cathode  gains, 
and  no  chlorine  is  evolved.  (Faraday.) — Fused  Protochioridf  of  Mavury 
conducts,  and  appears  to  be  decomposed;  disturbing  cause*  are  however 
preaent.  (Faraday.) — Fused  TercJthride  of  Andmonif  conducts  badly  and 
18  but  little  deconipoaed,  }terhap6  only  on  occoaiit  of  the  presence  of  a 
amall  quantity  of  water.  (Fara^lay) 

Aqueous  Rolulion  of  Sal-ammoniac  is  re.solvetl  into  ddorioe  at  tlie 
positive  and  hydrogen  gas  and  ammonia  at  the  negative  pole.  (This 
accords  with  the  amrooniuin  theory  of  Berzcliu.s,  according  to  which  «al- 
ammonbc  is  not  N  H',  H  CI,  but  N  H',  CI,  The  result  may,  however, 
be  explained  on  the  former  hypothesis;  Mippoeing  namely  that  the  cur-  ^ 
tent  decompoaea  hydrochloric  acid  into  hydrfigen  at  the  negative  mid  | 
chlorino  at  the  positive  pole,  and  that  the  ninmonia  which  has  been 
deprived  of  its  hydroeliloric  acid,  is  .■*<;t  free  at  the  negative  pt^tle.]  Sola- 
tion  of  sal-ammoniac  with  eilver  electrodes  gives  both  hydrogen  and 
oxygen  gaecH,  the  hitter  however  not  in  sufficient  (Quantity ;  the  poaidve 
wire  becomes  covered  with  chloride  of  silver,  and  the  liquid  in  the  neigh- 
bourhood of  the  negative  pole  is  found  to  contain  free  ammonia.  When 
iron  wires  are  employed,  gaa  ia  evolved  only  at  the  negative  wire;  it 
gradually  however  diminishes  in  <^uantity  as  the  wire  becomes  covered 
with  ctystalljno  reducnd  iron.  The  poisitivo  wire  ia  corroded  and  oxide 
of  iron  nepanites.     The  liqaid  on  the  negative  side  ie  found  to  contMo 
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uunonjuret  of  proto^tide  of  iron  beaid^a  sal-sunmoniac.  (Hisilig«r  &  6«r- 
scliu!,) 

If  a  cap  formeil  of  sal-ammoniac  be  wetted,  then  platied  upon  a  pjeoe 
ftf  platinum  foil  connected  vrith  th«  pouitivo  pole  of  tUe  battery,  and  filled 
with  mercury  into  which  the  platinum  wire  of  tlio  negative  pole  is  made 
to  dip,  chlorine  is  dtivolopeJ  at  the  positive  platinum  pl-ite,  and  the 
mercury  awellH  up  in  the  atate  of  amnmniacal  amalgam  (Hg  +  N  H')  to 

5  times  ite  orii^ua)  volume,  its  Tegetations  at  the  same  time  penetrating 
into  the  enl-ammonia^:;.  WLpn  the  circuit  is  hroken,  the  amalgam  im- 
mediately runs  together  in  tlic  form  of  li<^aid  mercury.  (H.  Davy,  Gilb. 
33,  247) 

SohUion  nf  Common  Suit  gives  chlorine  at  the  poaitivo,  hydrogen  gaa 
nd  soda  at  the  negntive  pole.     The  salt  is  prohably  first  rosolved  into 
llorine  and  loAiuin,  and  the  sodium  oxidized  by  the  wntcr;  for  when 
"the  cathode  consists  of  niorrury,  Eodiom- amalgam  is  obtained.  (Higgins 

6  Draper,  A".  Edin.  Fhil.  J.  14,  314.) — Common  salt,  in  which  silver 
wires  are  ininiereed,  evolves  gtis  only  at  the  negative  wire  at  first,  but 
afterwards  at  the  positive  wire  also:  the  latter  becomes  covered  with 
chloride  of  silver;  tbo  liquid  eurronuding  it  contains  in  solution  chlorine 
and  a  compound  of  silver  not  precipitablc  by  chlorinej  the  lifj^nid  on  the 
)i«>g»tive  side  contains  free  eodu. — When  lead  wires  are  used,  tlio  ncgntive 
'wire  alone  evolves  gas,  and  subsequently  becomes  covered  with  tine 
e^stala  of  lead;  the  positive  wire  acquires  a  coating  of  chloride  of  lead. 
A  positive  wire  fortned  of  iron  or  zinc  likewiso  evolves  no  gas,  but  dis- 
Aolves  in  the  state  of  metallic  ehluride,  from  whicLi  a  lilm  of  oxide  is 
precipitated  »t  the  surface  of  contact  of  the  chloride  with  the  alkaline 
liquid  on  the  negative  side.  (Hisinger  &  Bcrjsclius.) 

A  globule  of  mercury  inimcreed  in  solution  ot -Ckloride  of  Bmrium  and 
connected  with  the  negative  pole  of  a  feeble  batteiy,  forms  solid  vegotar- 
tions  of  barium-amalgam.  (Hcrschel.)- — In  solution  of  Chloride  of  Calcium 
the  negative  wire  alone  yields  gas,  .ind  becomes  cov&red,  first  with  a  white 
crust,  then  also  with  needles  of  lime  (hydrate)  which  first  dimiuisLes  the 
evolution  of  gas,  and  then  stops  it  altogether.  The  positive  wire  diasolve-s 
as  chloride  of  iron,  and  the  solution  deposits  protoxide  of  iron  at  the 
surface  of  contact  of  the  latter  with  the  calcareous  liquid.  (Kielnger  & 
Berzeliue  ) 

From  a  eolation  of  ProfocA/ortrfe  of  Iron,  bbick  magnetic  oxide  of  iron 
is  deposited  at  the  negative  pole.  (H,  Bary, — -according  to  Becquercl,  it 
IB  deposited  in  small  grains.) — A  conceutratod  solution  of  Chloride  n/i 
Copper  or  Chhnde  of  Gold  in  water  gives,  when  subjected  to  a  feeble  < 
electric  current,  merely  metal  at  the  negative  pole  without  any  hydrogeaj 

£:  the  gas  is  however  evolved  from  a  dilute  solution  when  acted  upon 
a  strung  current.  Hence  it  appears  that  water  is  less  dccomposihle 
n  tbeso  metallic  chlorides, — and  the  order  of  deeoniposibiJity  is:  iodide 
of  potassium,  hydrtodic  acid,  hydrochloric  acid,  metallic  chlorides,  water 
u«idalateil  with  sulphnric  acid.  (Matteucei.) 

Iron  acting  as  anode  in  solutions  of  metallic  aulphurets,  iodides,  brp- 
mides,  cbioridea,  and  flnoridea,  dissolves,  even  when  ibe  circuit  is  not 
closed  before  the  immersion  of  the  iron.  (SchiinboiD.) 

Aqueous  solutions  of  tnetaUk  Fluondes  are  decomposed  with  separa- 
tion of  fluorine  at  the  anode,  (Faraday,)  When  the  electrodes  arc  im- 
mersed in  two  cups  of  Jliior-spiir,  filled  with  water  and  connected  by  libree 
of  asbestus,  liioe-water  is  found  after  two  days  in  the  negative  cup,  and 
hydrolkorio  acid  in  the  poaitivo  cup,  (11.  Davy.) 
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Aqcieous  solution  ©f  Ctfanidi  tf  J*otamum  yields  bjdrogea  fwr 
potawli  at  tiie  catbode^  no  oxygen  is  evolved  at  tbo  anode,  but  tbe  liquut  1 
turns  broYTQ.     Fused  oyaaide  of  pot&ssiain  is  likewise  rlecr/mpoeed.     Sulii- 
tiona  of  Qietallip  ^'ulphoct/<inidf»  and  feritK^amda  behave  in  a  g;niUr 
BUMi90r>     (Faraday.) 

Afi-ali«  <tiid  Earth. 

ConcBotratod  solution  of  Amnimiia  rondacts  tus  elowlj  as  pure  Wslar; 
by  Uie  adib'lion  of  a  small  quantity  uf  eulpbate  of  atnmoni»,  H  is  rendered 
more  easily  decuiuposiltle.  In  tliis  case  it  yields  hydrogen  gas  at  tli« 
osthode  equal  in  (jnuutity  to  that  collected  in  tbe  ToltHmelcr,  and  nitro^n 
gaa  at  tbe  anodp,  frequeatly  mixed  with  ti  Btnall  and  Tsriablc  rjuantity  of 
OVygCD  fas.  Hence  fur  each  nieiisnre  of  gas  at  the  unode,  three  or  fonr 
neasures  are  et olvcd  at  the  catbode.  When  gold  electrodes  are  oBe^l,  tbe 
jMMitive  wire  diisaolves,  and  becomes  covered  with  ainber-coloured  faluii- 
iiate  of  gold,  whilst  metallic  gold  ia  deposited  on  the  negatire  wire. 
Concentrated  Bolotion  of  antmouia,  with  iron  electrodes,  yields  hydrogen 
gas  al  tbe  neg'atire,  and  pore  nitrogen  at  tbe  positive  [tole.  On  the  tbtnl 
day,  the  anode  bczios  to  acquire  a  ooat  of  oxide.  If  tbe  ammonia  be 
nixed  with  three  times  iu  rolnme  of  water,  hydrogen  atul  oxy^n  eai 
ars  erotved,  the  latter  however  in  sTnaller  ijiiantitr,  becanw  tbe  inn 
suffers  corrosion,     (Hisitiger  &  Berzelins.) 

When  solution  of  ammonia  is!  placed  in  a  tube  0T«r  mercarr,  whjeh  it 
connected  by  a  platinum  wire  with  tho  negative  pole,  wbiUt  tlie  platiatsm 
wiro  of  tho  positive  pole  dips  into  the  ammonia,  oxygen  gas  is  evolved  at 
the  positive  wire;  and  the  mercury,  which  does  not  at  first  evolve  any 
gas,  is  converted  into  a  thickish  mass  of  anjmoniacal  amalgam  (a  com- 
ponnd  of  inercnry  with  N  H'),  which  spreads  out  iu  vegetations,  aod 
ewella  up  to  gix  times  the  original  volume  of  the  mercary.  As  £oon  na 
this  amalgam  comes  in  contact  with  the  positive  wire,  it  is  pqrtiallr 
decomposed  with  a  hiss^inf;  noise,  and  ahnnka  up,  then  grows  up  ajurain  tifl 
it  reaches  the  positive  wire,  when  it  is  once  more  decomposed — ^and  so  on. 
Breaking  tho  circuit  likewise  decomposes  tbe  amalgam  irilh  violent  evolo- 
tion  of  faydrci^eu  gaa.     (BerxeliKS  rl:  Pontin,  Gifb.  36,  2fjQ  ) 

Ht/dnttc  (if  Potath,  slightly  moistened  and  subjected  to  the  artion  of  a 
powcrfnl  battery,  yields  oiygen  gas  at  tho  anode,  and  at  the  cathodo 
hydrogen  and  gas  and  potif^tum:  the  metal  adheres  in  ^lobutes  to  tbe 
platiiium  wire,  and  then  burns,  JJi/drtjUf  vf  Soda  behaves  in  a  similjU' 
manner.     (H.  Davy.) 

Moistened  H^dratt  of  Baryttf,  Styoitth,  Lime,  or  Mtujnesia,  is  not  <\v- 
eoniposed  by  the  current  even  of  a  powerful  battery,  ulIoto  tbe  action  bo 
aiBB]«ted  by  the  afliitiity  of  mercury  for  the  metal  contained  in  these 
bases.  But  if  either  of  these  hydrates  be  formed  into  a  cup,  the  cap 
placed  on  a  plat©  of  platinum  which  serves  as  tho  anode,  an<l  tilled  with 
mercury,  and  the  [itatinum  wire  of  the  negative  pole  dipped  into  the  mer- 
cury,.— an  amalgam  of  barium^  strontinm,  calcinm,  or  niagncsiuui  is  ob- 
tained. {H.  Davy.)  The  assertion  of  Truinnisdorff  {GM.  30.  330),  that 
by  meana  of  &  battery  of  forty  pairs  of  plates,  each  eight  inches  ^({uare, 
tnetal  may  be  ae|ffi.rated  from  hydrate  of  baryta,  strontia,  or  lime,  witliout 
the  intervention  of  niercury,  appears  doubtful,  inanmuch  a$  this  effect  wiw 
not  obtained  either  by  Davy,  Oay-Lusaac  A  Tb^nard,  or  Jacqoin,  with 
their  much  more  powerful  batteries. 

On  introducing  a  solution  of  potash,  b«ryt&,   or  strootis,  into   the 


BLECTROLT8I8 1   OXTGEN-SALTS. 


4S9 


NS 


apparatna  tkscrihcd  on  page  45 Ij  only  OTie-fourtt  of  an  atom  ot  ftlkalj 
i«  c*rri(»d  orer  to  the  iiejra.tiye  cell  for  every  atom  of  Wiiter  ilecom- 
pOMxL  (Daniell.)  Iron,  acting  bb  anoje  in  aqneoiie  aolution  of  potash 
doM  nut  oxidate,  but  liberate?  ail  llic  oxygen  aa  ^im,  evi^n  vhcn  it  is  tin* 
ta«rved  before  tLo  cattiodo.  (Sclj6nbeln,}  Many  kindis  of  ca«t  iron,  bow- 
r-vcr,  uUhough,  part  of  the  oxygen  is  evolved  on  tlieni  aa  gases,  dissolve  in 
the  form  of  ferrate  of  potash.     (Pog-geudorff.) 

Hmt)^  MetaUic  0ri(l*9. 

Pu8ed  PrtAoxide  of  Lead  is  resolved  into  lead  a.t  the  cathode  and  oxygen 
at  the  anode,  Ftlsed  O^ide  of  Antimony  is  at  first  canity  docompoeoJ, 
yielding  antimony  at  the  vathode;  but  the  osyg'eji  B(>pu,nited  at  the  anode 
converts  tho  oxide  of  itntimony  there  situated  into  tiifuaibte  antinionio 
acid,  which  formd  an  insulating  envelope  ronzid  the  aaodc,  and  gntiluatly 
fltops  the  current.     (Furaday.) 

Oxygen-»<JtiU  of  th*  AlkalU  and  Earth*. 

An  electric  cnrrent  Jecompoges  nn  atom  of  an  oxyewn-salt  in  the  sanis 
time  US  it  Jeeomposea  an  atom  of  water  or  chloride  of  Ivad.  If,  for 
example,  solution  of  sulphuto  of  soda  be  intrudnccd  into  the  apparatus 
described  on  page  451,  in  which  it  is  separated  by  two  membranous  diapb- 
Rijftns  into  three  divinion.s,  into  the  two  outermost  of  which  the  platinum 
«loctrotles  of  a  Daniell's  cocBtant  battery  are  made  to  dip,  and  the  quan- 
tStles  of  pis  determined  which  are  evolved  at  the  electrodeis  and  in  an 
inls-rpoeed  voltameter — tho  soda  separated  in  tho  negative  division,  and 
t!ie  sulphuric  acid  set  free  in  the  positive  division,  bein^  al^so  Oeitiiuatcd, 
—it  ia  found  that  the  volume  of  detonating  gas  collected  in  the  voltameter 
\»  eqnal  to  the  volume  of  hydrogen  obtained  iu  the  negative  division, 
together  with  that  of  the  oxygen  evolved  in  the  positive  division, — and 
that  for  every  9  parla  (one  atom)  of  water  deconijKfscd  in  the  voltameter, 
8S  parts  (one  atom)  of  soda  are  eet  free  in  the  negative,  and  40  pirts  (one 
m)  of  sulphnric  acid  in  the  positive  division,  (Similar  resultji  are 
obtained  with  aulphalo  of  ammonia,  snl[ihate  of  pota$ti,  phoqihato  of 
eodtt,  csirbonato  of  potash  or  soda,  and  nitrate  of  potaah,  excepting  that 
in  the  last  case  ammonia  is  likewiae  formed.)  If,  instead  of  a  voltameter, 
a  tube  (•ontaining  fused  chloride  of  lead  he  introduced  into  the  circuit,  tho 
cathode  being  fonned  of  a  phitinum  wire,  fused  into  tho  bottom  of  the 
tub*",  whilst  a  pieee  of  graphite  dips  into  the  upper  part  to  form  tho 
•node, — au  atom  of  lead  is  deposited  on  the  platinora  for  every  atom  of 
Iphate  of  soda  (?al-ammoniac  or  cotnmon  salt)  Jeoomposod.  Theeo 
experimontfl  are  favourable  to  the  enppoBition  that  the  oxygen- salta  ehould 
be  re;rarded  ils  componnd«  of  metab  with  so-called  salt-iadicale,— <!.j^., 
anlphatc  of  soda  not  aa  Na  O,  SO^  but  ae  Na  S  O* — and  that  the  same 
quantity  of  electricity  which  eervea  Uy  separate  an  atom  of  oxygen,  chlo- 
riit/>,  or  iodine,  from  an  atom  of  hydrogen,  or  a  metal,  is  likewise  exactly 
sufficient  to  separato  an  atom  of  S  0*,  or  any  other  compound  salt-radical 
from  an  atom  of  metal.  (Daniel!.) — Matteucci  [Ann.  C/iim.  Phi/s.  74,  99) 
obtained  the  same  resulta  by  subjecting  other  salts  to  similar  treatment. 
For  every  atom  of  water  decompo.s«d  in  the  voltameter,  he  obtained  from 
the  saline  solution  1  atom  of  hydrogen  gas,  1  atom  of  oxygen,  1  atom  of 
ba«o,  and  1  atonj  of  acid. — Such  waa  (ho  esmo  with  sulphate  of  magnesia, 
excepting  that  there  was  a  deficiency  of  -J^  in  the  magne«ia  separated,— 
with  beoioate  of  potajsb,  in  which  case  the  eepar&ted  acid,  being  bnt 
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slightly  Buluble,  could  be  directly  weighed; — viiih  bensonte 
which  caae  the  Lime  also  could  be  weighed  j^and  with  benzo«te  of  zinc,  ia 
the  case  of  which,  the  benzoic  Rcid  and  the  metallic  iicic  were  weighed^ 
and  no  evolution  of  hydrogen  j^as  took  pUee. 

[The  theory  whioh  regards  sulphate  of  eodn  ns  Na  S  O'  oartaialj 
fords  the  siraplfst  explanation  of  it^  clcctrolyt^is.     Since,  howerer,  maaj 

tjErhty  reasons  may  be  urged  againi^t  the  adoptiuL  of  this  hviKitlieai^ 
the  following  t-spknatlon  may  for  the  prefeot  bo  admitted.  Sulphate  «f 
ooJa  is  Na  0,  S  O';  decorapoaition  by  the  electric  current  Is  exerted  only 
on  the  soda  (since,  by  Faraday's  law,  S  O'  is  incapable  of  direct  dcoom^ 
position).  Sodium  eepa-ratee  at  the  negative  pole,  where  it  decocnpoaea 
water  and  yields  swla  aud  hydrogen  gaa.  The  oxygen  which  wm  com- 
bined with  the  sodium  is  transferred,  together  with  the  eulphuric  acid,  to  i 
adjacent  atom  of  sodium.  An  atom  of  ojyg-en  is  set  free  at  the  positive  iiol^ 
aud  sinct)  the  jioditim  which  was  combined  with  it  gftes  towards  the  neg 
ti%*e  pole,  the  sulphuric  acid  is  set  free  by  secondary  action, — or  rather  i| 
passes  from  its  atjito  of  combinatioii  with  soda  into  that  of  oombiuiitic 
with  water.  In  the  case  of  eulphate  of  copper,  &lc.,  eimilsir  actions  tak«^ 
pla«e,  eiceptiug  that  tlie  inctal  liberated  by  the  current  does  not  doooti 
pose  water.  The  decomposition  of  oxygen-salts  of  ammonia  is  most  sstia 
ftictorily  explained  by  adopting  the  ammonium  theory  of  Berzcliua,  acoonl-'^ 
ing  to  which,  isulphate  of  ammonia,  for  example,  which  always  contAii 
water,  is  to  be  regarded  as  sulphate  of  oxide  of  ammoninm  (N  H*  O,  S  O*). 
The  electric  current  deoomposcs  the  oxide  of  ammonium,  just  ns  it  dooa  ■ 
metallic  oxide,  into  oxygen  aud  ammonium,  and  tho  latter  la  re^oilvwl 
into  hydrogen  gas  which  escapes,  and  ammonia  which  remains  in  eola- 
tion.—  According  to  this  view,  the  direct  action  of  the  electric  current 
ia  confined  to  the  decomposition  of  metallic  oxides,  aud  the  trausfcreaoe  of 
the  acid  from  the  decomposing  oxi<ie  to  the  water  is  merely  a  consequenoe 
of  this  ncticn.  (Hess'a  Observations  ou  DanicH's  Theory — vtd.  -Pogg. 
53,  505.)]. 

When  two  salts,  which  do  not  precipitate  each  other,  are  dinolred 
together  in  water,  their  acids  arc  simultaneously  tranaferred  to  the  po«itirc 
and  their  bases  to  the  negative  pole.     (H.  Davy.) 

Iron  acting  as  anode  in  aqueous  solutions  of  oxygen-salts,  evolrea^ 
oxygen  ga^,  just  aa  platinum  does,  without  oxidating — ^even  when  it  ia j 
immersed  in  the  liq^uid  before  the  rest  of  the  circuit  ia  closed.  (Sch^ 
bein.) 

A  moistened  cup  of  Carbonate  of  Ammortiu,  filled  with  mercurr,  yirU 
ammoniacal  amalgam,  just  as  sal-ammoniac  does  (p.  45t»}.     (Seewck,  iV^I 
Geht.  5,  482,  H.  Bavy.) 

Fused  Borax  (Na  0,  2  B  0')  yields  oxygen  gas  at  the  anode  and  boron] 
at  the  raithode.  Now,  since  fused  boractc  acid  is  not  decomposiblo  by  thai 
electric  current,  the  separation  of  the  boron  must  be  attributed  to  inoireci] 
action]  the  current  resolves  the  soda  into  oxygen  and  sodium — and  iLdI 
latter  separates  boron  from  the  boracic  acid.  (Faraday.) — Fused  (?Ma</n>»| 
borate  of  Soda  (Na  0,  4  B  0^)  conducts  and  shows  signs  of  decomposition,  j 
but  evolves  gas  at  both  poles:  it  therefore  contains  water.  (Faraday.)' 
Fused  Sortite  of  Liad  is  easily  deeojuposed,  yielding  oxygen  gas  and 
metallic  lead.     (Faraday.) 

The  electric  current  resolves  o^lin»^y  Fhnsphatt  of  Soda  in  a  atale  of 
solution  into  soda  and  phosphoric  acid.  (Davy.)  Fused  Acid  Phosphatt 
of  Soda  (Na  0,  P  0')  coudncts  and  is  decomposed;  hydrogen  gn*,  how- 
ever, appears  at  the  cathode,  showing  that  water  i«(  present.  (Faraday). — 
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Aqaeoua  soluiioa  of  BoraU  or  PhmphaU  of  Ammonia  yieltts,  when  iron 
wires  are  used,  Jcsa  oiygen  yas  at  tbe  positive  pulo  tliaci  is  rcciuired  to 
saturate  tlie  hydrogea  evolved  at  the  negative  pole;  and  tbe  positive  wire 
becomes  coated  with  wliite  borate  or  phosphate  of  protoxide  of  iron. 
^^HJatnf^jer  &  BerEi?liu8.) 

Sniphati;  of  Amvwnin,   Pofaih^  or  Sutla,  disfiolveJ  in  water,  ia  decom- 
lij  the  current — acid  and  oxygen  appearing  at  the  anode,  alkali  and 
lydrogen  at  Ihe  cathode.     <H,  Davy.) 

Aqaeoua  solution  of  Sulphate  of  AmmoTtia,  in  which  iron  wires  are 

'  as  the?  poles,  /jivea  hydrogen  gas  and  free  ammonia  at  tbe  negative 
le;  at  the  poBitivo  pule  it  yields  oxygen  gas — which  la  not  evolved  till 
the  experiment  has  gone  on  for  some  time — and  persulphate  of  iron.  (Hi- 
ainj'er  ft  Berzeliua.) — Aqueous  solution  of  Neutral  Sulphnte  of  Fotiuk 
violds,  with  gold  wirca,  ati  acid  liijiiid  in  the  positive,  and  an  alkaline 
Liqoid  in  the  negative  side  of  the  U-tubo;  these  when  mixed  together  pro- 
duce a  perfectly  ncntr^l  snlation.— When  lead  wires  are  employed,  an  lo- 
aafticient  tjnantity  of  oxygen  gaa  is  evolvedj  becauso  a  quantity  of  peroxide 
of  lead  is  produced.  When  iron  wirea  are  used,  the  fjuanlity  of  oxygen 
set  free  h  likewise  deficient,  and,  insitcad  of  it,  a  solution  of  protosul- 
pbate  of  iron  is  fomiod.^Wliou  the  positive  wire  oonsifits  of  line,  no 
oxygen  gas  ia  evolved  upon  it;  hut  it  dissolveB  and  forme  sulphate  of  zinc, 
which,  where  it  comes  in  contfict  with  the  negative  alkaline  liquid,  depo- 
sits a  layer  of  oxide  of  zinc.     (Hi^inger  &  Berzelius.) 

Bhufpiiait  of  Potash.  (K  0,  S  0*  +  H  0,  S  0')  is  decorapoeihle.  (Fb- 
Riday.)  When  the  solution  of  thLs  salt  h  decomposed  in  tho  apparatus 
described  (p.  4;jl),  there  is  obtained  for  every  0  parts  (1  atom)  of  water 
decomjioM.'d  18  parts  (^  atom)  more  of  sulphuric  acid,  and  9'0  parts 
(■J-  atom)  less  of  potashj  and  in  the  negative  cell,  19  parta  less  of  sulphnrio 
ftcid  and  El-9  parts  more  of  potash.  In  this  case,  the  itclion  of  the  current 
divides  itself  between  K  0,  S  0^  on  the  one  hand,  and  H  0,  S  0^  on  the 
other.     (Daniell.) 

On  fdling  two  cups  of  Heavy  Spar  (sulphate  of  baryta)  with  water, 
connecting  them  by  fibres  ofasbostus,  and  dipping  into  each  of  them  one 
of  the  poJar  wires  of  a  battery  of  150  pairs  of  platea,  a  distinct  trace  of 
snlphnric  acid  is  found  after  four  days  in  the  positive  cup,  and  of  baryta- 
water,  together  with  carbonate  of  baryta  iu  the  negative  cup. — With  cups 
of  Cwtesdn  (sulphate  of  strontia),  the  decomposition  takes  place  more 
ouickly,  and  with  cups  of  Gi/juum  still  more  quickly.  (H,  Davy.)  [The 
aeconiposibility  of  these  bodies  inoreases,  tberefofo,  lo  the  «ame  order  aa 
their  solubility.] 

When  moistened  Siifpftftle  nf  ,Vaff»esia  ia  formed  into  a  cup,  and  the 
cup,  with  mercury  in  it,  arranged  in  the  manner  described  on  page  458, 
■Ziialgani  of  magnesium  is  obtaiued  more  readily  than  from  moistened 
magnesia.     (H.  Uavy.) 

The  electric  current  decomposea  AInm  diEwolved  in  water.  (H.  Davy.) 

A'iti-ate  of  Ammoyiia,  in  the  fused  State,  yields  hydrogen  gaa  mixed 
with  a  littl«  nitrogen  at  tbe  cathode,  In  the  stato  of  solution,  it  yields 
oxygen  ga^i  at  the  anode,  and  hydrogen  at  the  cathode,  the  latter  some- 
times mixed  with  a  HmnlJ  quantity  of  nitrogen.  (Faraday.)  In  aqueons 
•olutioD  of  uitrate  of  ammonia,  tho  positive  iron  wire  evolves  oxygen  ^m, 
"  omes  oxidiitod,  and  likewise  di^olves;  the  negative  wire  evolves  no 
I  and  ammonia  iiccuuiulatc3  around  it,     (Hisingor  &  Bcnelius,) 

Jf/'itrat(  of  FoUJsfi  dissolved  Jn  water  conducts  very  well,  yielding 
sometimiM  the  normal  quantity  of  hydrogen,  eometimea  Icaa:  aomettmes. 
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•gE&L,  neondft^  prodnois  va  formeal  (Faraday);  for  ammaoia  is  ftmn^ 
at  tlie  cathodi?  (Daniell). — Wbea  iron  wires  are  oMd,  onljr  lie  po^tira 
urtre  yields  ga«,  viz.,  oxygen,  bat  it  likewise  dJsaolres.  The  liquid  at 
the  negative  wire  likevUe  oontainB  free  ammonia,  together  with  free 
potash.  Zinc  wires  behave  in  the  Bame  matin er,  eiceptipg  that  neithpr  of  ^ 
them  yields  any  gaa,  eave  a  very  small  quantity,  which  appears  on  the 
negative  wire  every  time  tlie  circuit  ia  closed.     (Hisinger  &  Berzeliue.) 

J^itrale  of  Bar^a  dissolved  in  water  ia  resolved  into  a«td  luid  base. 
(H.  Dayy.) 

Fused  BoitU  Glau  is  not  deoampoaed;  glaai  eeniainin^  lead,  sligfatly. 
(Faraday.) 

If  two  cnpa  be  formed  of  any  of  the  following  SUiceoua  Ifuwrafr, 
fillcti  with  water — connected  by  asbcatiu— and  eubjected  to  the  action  of* 
powerful  battery — ^^their  ^olable  cotistituent^  coUwt  in  the  two  cnpa. 
EeoliUf  which  contains  07  per  eent.  of  soda,  gives  in  two  minutes  distiiict 
indications  of  ewia  and  lime  in  thene^tiveciip.  Lrpidolite  girea  potMb. - 
BaaaU  giv^  soda  and  potaeh  in  the  negfative  rap,  ohloritic  in  the  pesftire 
Clip.  Vitrified  I^ara  frum  ^tua  yield«t  p<>ta«b,  ^ihIh,  and  lime  in  the  iiegA- 
tive  cnp.     (H.  Davy.) 

Artniiatc  of  Potatk  dissolved  in  water  i^r  i^lowly  deconapoafxl  with 
aeparatiun  of  arsenic  at  the  ne^tive  pole.  (Qischof.) 

Solid  Soap  (stearatc  of  soda)  stops  the  electric  fmrrent  after  a  few^ 
seconds, — because  stearic  acid,  which  is  a  non-Cionduetor,  separates  at  the 
anode.  Tonching  the  soap  after  this  remove*  only  the  electricity  of  the 
negative  pole.  Henoe  we  have  an  eiplanation  of  the  Negative  Fnifxh 
lariti/*  of  eoap  observed  by  Erman.  \S'hen  tho  soap  le  wetted  tu  the 
neighbourhood  of  the  anode,  the  cnrrent  is  not  impeded,— no  nnipolsritr 
ia  ol>§erved.     (Ohm,  Schw.  59,  -385.) 

The  phyriologicfjl  irfectt  which  accompany  tho  fpassaga  of  electricity 
through  living  animal  bodies  may  be  prodnced  in  either  of  the  following 
■ways,  1.  The  electricity  may  be  actually  transmitted  throogh  the  solid 
parts  of  the  body,  and  thuH  may  directly  affect  the  nerves.  "2.  It  niav 
decomjKvse  the  salts  contained  in  the  li(^iiidB  of  thobodv,  evolving  oxygen 
and  ai-^id  at  the  positive,  hydmgen  ami  alkali  at  the  negative  pofe,  a» 
pointed  out  by  Matteucci  {Schw.  60, 305), — and  bringing  about  a  trannpo- 

•  In  additon  to  Perfeet  Conductor*  and  Xon-conrlactvrt,  Erman  disiinguiished  lii* 
foUoniiig  cUtsed  of  (conductor*:  1.  Bipolar  Condiielori  (srnier),  Water,  irhcn  con> 
nectMl  with  one  pole  of  the  battery  and  with  the  ^roamt,  conducts  awnv  the  f  leetiicity  of 
Ibat  ]K)le.  When  connected  with  both  pol«,  i(  does  not  tliow  tlie  electrieitlM  acciltliu- 
Imtcd  ia  thr  poles  la  unite ;  but  the  pole::  retain  their  former  teniion,  and  this  tanitm  it 
likewtte  nbiblCed  in  the  water,  lo  that  the  half  of  the  liqaid  nest  to  the  positm  t>»le 
appesrs  positJTe,  the  other  half  negaciTe-  [The  great  rpsutance  which  pure  water 
op[H>&ej  to  (he  truisposirioQ  of  atoms  eoables  the  eLattrit?  floLds  to  acminuJate  iti  the 
poles  till  they  attain  a  Tcry  high  tenfion;  but  they  are  by  no  means  comjiletely  tnsuUCed, 
— rlertridty  is  continoaliy  passing  into  the  water.] — 2.  I'mpoiow  Cvivinc/nri.  Iktdica 
of  thit  class,  like  bipolar  conduttora,  diacharge  each  individtial  pdle  whan  tliry  arr  mn. 
nected  with  it  sod  with  the  ground,  and  are  lilcewUe  i&eapable,  when  pUocd  between  the 
polei,  of  briagtag  about  the  combination  of  the  twu  electric  fluids.  Bat  if  whea  that 
made  to  connect  the  poles,  they  are  at  the  ^ame  time  touched  by  a  good  L'oaductor  com  - 
wunicating  with  the  ground,  this  conductor  removes  the  electricity  of  one  pole  Onlr, 
while  that  of  the  other  remnin?  mi  JiminiBheH.  f'mitirt  Vnipit(ar  Cotufueton  (the  flanto 
of  alcohol  and  and  other  cooipouodi:  containing  carbon  sad  bydro^a]!  are  therefarv  Mck 
as  when  placed  ia  the  voltiuc  circuit  oommuaicate  positive  electricity  to  •  good  ood- 
duetor; — Nei/atire  Unipolar  CtmdHciort  (gohd  olkaliDo  «oap.  dried  » bite  of  e^g,)  oa 
the  contrary,  communicste  negative  electricity  nnder  the  jaise  circumstaooet.  rThe 
cauie  af  this  peculiar  property  in  soap  hog  been  evplatned  abore;  similar  cuuea  are  pro- 
bably St  work  »iao  in  other  «Qb«taaoes hi  which  the  lame  pecoliaritj  has  b«ra  nfcttrtxl] 
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■ition  of  atdnu  ia  the  liquids  ot  the  bodj  sHn&teJ  l>«tweAn  tb«  electnules; 

aod  since  in  partSctilar  organii,  salta  may  he  tbus  proJuceil  diilcrcot  from 
thttse  previously  cxieting,  tbe  result  of  tho  action  may  be  irritation. 
The  Crst  of  tLeso  modes  of  action  is  mast  conspicuous  in  elftctrioity  of  \ 
great  intensity,  like  tliat  of  the  machine, — the  second  in  palvanio  elee«  i 
tricity ;  aad  hence,  perhapSj  partly  ari^a  the  differenco  between  the  sen- 
sations producod  by  theee  two  kinde  of  electricity.  Even  a  single  pair  of 
metallit  plates  connected  with  each  other,  and  with  different  parts  of  the 
body,  must  produce  transposition  of  atoina  and  chancre  of  eorapoaition  — 
and  this  i»  the  principal  causje  of  the  plieuomeDa  obeerved  by  Galvani 
and  Humboldt. 

Oxygen-SalU  of  fftavy  MetaUie  Oxidei, 

The  compoiinda  of  oxygen^acida  with  heaTj  metallic  oxides  usaally 
giTC  acid  and  oxygen  c^s  ut  the  anode,  and  reduced  metal  at  the  catliode, 
— UQ  evolution  of  hydrogen  taking' place,  excepting  when  the  tilectric  cur- 
rent m  too  strong,  and  \ts  acttuu  id  partly  exerted  on  the  water.  In  the 
case  of  flomc  metallic  ealta  (those  of  mangniie*,  lead,  and  silver),  th« 
oxygen  liberated  at  the  positive  pole  combines  with  the  metallic  oxida 
there  situated,  and  forms  with  jt  a  peroxide  which  iij  precipitated.  If  the 
electro>!o<3  are  formed  of  the  eanie  metal  as  that  contained  in  the  solution, 
the  acid  and  oxygen  which  collect  at  the  anode  recover  by  dissolring  it 
the  met&l  which  they  have  lost,  and  reproduce  the  original  ealt;  thus  tha 
liquid  remains  unaltered,  and  tbe  aiiodu  merely  Jofiea  a  quantity  of  metal 
equ^l  to  that  which  is  reduced  at  tJic  cathode. 

iialts  (if  Mangan^e  deposit  peroxide  at  the  ppsitive  pole.  (Balard.) 

Hul}i}iale  of  Zinc  ahmUtA  in  water  yields  zinc  at  the  negative  polej 
in  the  form  of  a  powder  possessiug  the  metallic  lastre. 

Fused  BoraU  of  Lead  yields  lead  at  the  cathode,  oxygen  and  htira^io 
lid  at  the  anode.  (H.  Davy.) 

Aqueous  solytioB  oi  SHruU  or  Acftnif  <^ Lead  yields  leatl  at  the  nega- 
tivo  pule,  and  brown  peroxide  of  lea^l  at  tbe  positive  pole.  (Farathiy.)— 
If  a  voltameter  \m  introduced  into  the  circuit,  it  is  found  that  tlio  voluma 
of  oxygen  gn-s  evolved  at  tbe  anode  from  solution  of  acetate  of  Lad 
amouBtj  to  otdy  ^'a  of  tlio  detonating  gas  collected  in  tbo  voltameter,^ — 
beouiae  the  greater  part  of  tbo  oxygen  is  expended  in  fonning  the 
peroxide  of  lead,  the  quantity  of  which  is  to  that  of  the  lead  jgcparated 
III  tbe  cat  bode  ii6  5  :  3  [?], — When  the  current  i»  passed  through  acetate 
uflittd  which  has  been  dehydrated  and  then  fu?ed,  peroxide  of  lead  is 
likevrise  produceil  at  the  anode,  accompanied  by  a  alight  evolution  of 
oxygen  :  for  cTery  f  partw  (1  atom)  of  water  decomposed  iti  tbo  volta- 
mett?r  there  is  oiitaincd  at  the  cathode  103  4  parts  (1  at<jm)  of  lea<l,  and 
the  weight  of  thtu  lead  k  to  that  of  the  peroxide  pruduood  lus  3  :  J  [)] 
(Mattencci.  Aun.  Ckim.  P/,y».  71,  SO.) 

From  a  solution  of  ProtomipkaU  ^  Iran,  acteil  wf>on  by  a  bftttery  of 
100  pairf4,  metallic  iron  is  deposited  in  small  granules  on  ihv  positive  [ila- 
tiuum  wire.  (Becqucrel ) 

In  «jolution  of  tS'iUp/utie  of  Copper,  the  negative  platinum  wire  hecomtja 
coverod  with  copper,  while  acid  collocts  and  oxygen  gas  is  evolved  at  tho 
positive  wire.  When  copper  wires  are  used,  tbe  positive  wire  loses  ia 
much  metal  as  the  negative  wire  gains,  and  the  solution  retaina  its 
origimil  composition. 

VVhcu  active  iron  faring  the  aoode  in  eolation  of  snlpbate  of  copper,  it 


ELECTRlCfTy. 

diflfiolves  without  any  copper  being  depoatted  on  it; — tiut  wb^n  the  cirowt 
is  broken,  tlie  deposition  takes  place  imtnediatety.  A  passive  iron  wirt 
acting  as  anode,  and  mad^  to  complete  the  circuit  by  its  immeniiMi^ 
neitber  attracts  copper  nor  dissolree,  bat  evolvw  oxygen  gas.    (ScfcSNi- 

bein.) 

Solution  of  Kitrate  of  S'dvrt  deposits  silver  on   tlio  negativft  ptntiniun 
wire,  and  crystalliied   peroxide  of  silver  on   tbe  positive  wire.  (Ritter, 
Rubland,  Sehte.  15,  414  ) — In  fused  nitrate  of  silver,  tlie  anwle  erolrM  a 
large  qaauttty  of  oxygen  gas,  while  the  cathode  becomes  oorered  witk.. 
one  atom  of  sliver  for  every  atonj  of  wat«r  docotnpoe^d  in  the  voltaB]eter,i| 
The  aqueous  solution  behaves  in  the  same  manner,  evolving'  oxygen  al* 
the  anode;  but  it  likewise  deposite  peroxide.   (Matteucci.) — Iron  wirs 
acting  as  anode  does  notoxidiise,  but  liberates  oxygen  gas,- — and  when  thjij 
current  is  sfrone,  bcconiea  covered  with  peroxide  of  silver.  (Poggeodc 
Poffg.  54,  337.)— Similarly^  passive  iron  acting  as  anode  becomes 
with  peroxide  of  silver,  (SchiUihcin.) 

Kahili t  Rin^f.     When  one  of  the  electrodes  consists  of  a  plate  of 
polished  tuetal,  the  other  of  a  fine  platinum  wire,  the  extremity  of  which 
approachen  the  plate  within  about  half  a  line,  there  is  often  produced  oa 
th;it  pari  of  the  plate  which  is  immediately  under  the  wire,  a  coloored 
ring  or  point  surrounded  with  several,  often  four,  concentric  colonred 
rings.     Thus  a  silver  plate  forming  the  anode  produces  coloured  rings  in 
aolutionsof  phoephoric  acid,  carlionato  of  potash,  sulphate  of  eoJa,  sal-j 
ammoniac,  chloride  of  pota^^iuui  or  sodium  (in  which  metallic  chlorides,] 
rings  are  likewise  formed  on  copper  and  brass,  but  not  on  zinc  or  pljtti' 
nuin)>  tartar  emetic,  sulphate  of  zinc,  chloride  of  cobalt,  tjulphate,  nitrat 
or  a'Cetato  of  copper,  chloride  of  platinum,  &c-     Solutions  of  sulphate 
manganese,  nitrate  of  bismuth,  and  acetate  of  lead,  likewise  form  ne^tiv#] 
rings  on  plates  of  gold  or  platinnui.     A  silver  plate  likewise  has  ring 
formed  upon  it  when  it  jservc«  as  the  cathode  in  solutions  of  tartar  emetic^^ 
salts  of  copper,  or  chloride  of  platinum.   (Nobili.) 

[These  phenomena  belong  to  the  theory  of  Newton's  Coloured  Riags^^ 
and,  according  to  Faraday,  Warington,  and  Schimbeiti,  arise  from  pro- 
ductj*  of  decomposition  deposited  on  the  metallic  plate  in  films  of  variuua 
thickness.  ThoiiC  products  of  decomposition  are  aometimea  formed  only 
from  the  liquid;  thus,  salta  of  manganese  deposit  peroxide  of  mangiine«C| 
— salts  of  lead  peroxide  of  lead,— and  salts  of  bismuth  probably  deposit 
peroxide  of  bismuth;  and  the^e  deposits  form  coloured  rings  on  plates  of 
gold  and  platinum. — -Sometimes  the  deposits  arise  from  the  combination 
of  a  aubetance  separated  from  the  liquid  with  the  metal  of  the  plate ;  thue, 
metallic  oiilorides  form  on  stiver  or  copper  insoluble  cliloride  of  silver  or 
dichloride  of  copper;  and  the  oxygen  acids  or  their  salts  probably  fonm 
peroxide  of  silver  on  «ilver  platea. — When  the  silver  acta  as  cathode,  tb«| 
rings  afc  formed  by  films  of  the  precipitated  metal  of  different  degrees 
thickness.] 

The  rings  productwl  by  acetate  of  lead  exhibit,  on  chemical  analysis^ 
the  reiM^tioss  of  peroxide  of  lead.  Iodine  in  a  state  of  ^sublimation  pro- 
duces the  same  colours  on  plates  of  silver  or  copper ;  they  are  likewise 
CJEhibited  by  any  metal  which  when  heated  tn  the  air  becomes  covered 
with  a  coat  of  oxide  continually  increasing  in  thickness.  (Wanngtea^ 
PhU.  Muij.  J.  16,52.) 

The  more  oxidahle  metals,  when  used  as  anodes  in  nitrate  or  aeet*t6 ' 
of  lead,  do  not  allow  of  the  formation   of  peroxide  of  lead ;  iron  Al(Mt« 
forms  an  exception,  because  it  soon  passea  into  the  passive  st&te :  an  iron 


NOBILFS  RING8. 


465 


wire  under  these  drcnmstanccs  quickly  and  repeatedly  becomes  red,  blue, 
yellowj  red,  hlae^  yellow,  &c.  The  colour,  however,  becomes  deeper  creTy 
time,  and  at  last  so  deep  that  the  difl'ercut  tints  cannot  be  diBtJtiguigbed. 
(Schbubein.) 

To  form  a  Nobili's  monochromatic  deposit  on  platinuta,  tbo  following 
•olntions  may  bo  used ;  Citlorido  of  mauganese  tu  8  parts  of  water,  sulphate 
of  iaaiiganej>e  and  potash  in  12,  acetate  of  mangnueBO  tu  15,  suceiuato  of 
vuiganeoo  in  Iti,  or  bippurate  of  manganese  in  12  parts  of  water.  A 
well-polisbcd  jtlatinum  capsule  is  filled  with  one  of  these  solutione,  and 
conneete<l  with  the  positive  pole  of  a  battery  of  4  pairs  of  plates  (each 
plate  33  sfjimrc!  inches  in  surface),  Smmer.wd  in  dilute  sulphuric  acid  (if  a 
^miDg^r  battery  is  used  the  soUitiou  of  the  salt  must  be  more  dilute);  a 
disk  c>f  platinum  ^-of  an  inch  in  diameter  le  then  dipped  horizontally  into 
the  liquid  to  fnrm  the  catUodo.  With  suJphato  of  mangiuieee  and  potaBh, 
or  with  sueciiiitte  or  atetute  of  raatigancse,  one  uniform  tint  is  iuvariably 
produced,  first  goldeu  yellow,  then  puqde,  then  green ;  the  eurrent  must 
ihercfore  be  stopped  ud  sooji  as  the  desired  tint  is  completelv  developed. 
With  hippurato  of  manganese  tlio  capsule  is  first  tinted  golden  yellow, 
then  of  a  q>]endid  bluish  purple  red.  Chloride  of  man^neso  yields  very 
beautiful  broad  alternating  rings  of  purple  green,  golden  yeilow,  and  blue, 
Mirronnrled  by  a  hruad  belt  of  golden  yellow,  (B.  Bott;^er,  Po^ff.  50,  45.) 

Nobili's  rings  may  alwi  be  formed  by  a  simple  galvanic  circuit.  When 
S  plate  of  silver  inimcraed  in  a  eolution  of  sulphate  of  copper  is  touched 
with  the  ptiiutt'd  extremity  of  a  piece  of  sine,  there  are  formed  round  the 
point  of  cflutact  a  number  of  blue  and  green  rings,  which,  when  the  zine 
i«  removed,  run  througli  several  chfingee  of  colour,  tiunlly  liecoming  dark 
blue  and  lightish  green. — In  the  colourlcsa  copper  solution  formed  by 
leaving  copper  filings  in  contact  witli  a  .saturated  solution  of  sal-ammoniac 
in  a  closed  vessel  containing  air, — silver  or  pktinutn  becomes  covered 
witli  copper,  if  it  l>e  touched  below  the  surface  of  the  liquid  with  a  pointed 
piece  of  Jtinc; — but  when  the  zinc  is  removed,  the  coating  of  copper 
gradually  diBap{>ears,  the  action  commencing  frtmi  the  outride  (where  the 
coatiog^  IS  thinnest)  and  proceeding  towards  the  middle.  (Fechner,  Sckte. 
55,  442,)  If  however  the  platinum  thus  covered  with  copper  be  immedi' 
ately  dipped  into  water,  ko  a.^  to  remove  the  ammoniacal  liquid  by  which 
it  would  be  rcJi»*aoived,  the  coppering  remains  pemianent ;  and  if  the  Jinc 
be  left  for  a  longer  time,  about  two  minutes,  in  contact  with  the  platinum  in 
the  ammoniacal  aolutiou  of  copper,  until  it  evolves  gp&  and  precipitates 
copper  of  a  black  colour,  the  platinum  lose-s  its  thin  coating  of  copper  and 
becomes  tinted  with  various  shades  of  yellow,  green,  red,  and  especially 
black,  which  latter  colour  it  then  retains  after  drying.  (R.  Bottgcr,  J,pr. 
Vhem.  8,  476.) 

(For  the  decompo-sition  of  organic  compounds  by  the  electric  current, 
-nd.  Oxalic  acid,  Tartaric  acid.  Acetic  acid,  Wood-spirit,  Alcohol,  Ether, 
and  the  Organic  Bases.) 


Decomposition  of  several  Liquids  in  Contact  with  one  another. 

When  the  electric  current  bus  to  traverse  a  numljer  of  liquids  [opio 
effect  a  tranHportation  of  atoms  in  them]  which  are  either  in  immediate 
contact  or  separated  from  one  another  by  a  porous  body,  it  at  first  deposits 
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at,  the  Anode  the  aniane  of  (hat  Vn\n]d  only  which  i«  in  eonlnrt  irltb  th« 
jinode :  but  after  tlie  current.  !ia»  iict<«il  for  a  lonj^f  r  titiW',  tin  f  tlio  | 

Iiqni<l  witiiatol  at  tin*  np(»»tivo  polo,  nr  in  tbe  nii<!f!lr,  ure  i'  '■^m- 

ferred  to  (tm  nnodc.     Siinilar  offrrts  are  (iroduced  tit  llifi  catitorie. 

[At  tlio  piiirfar©  of  fsoiitn*^l  of  the  lUftV-rfnt  li(|uiil!<,  !in  alum  of  auton  ufl 
tti<»  Vtijuiii  flitiinteil  tioxt  to  the  catlmde  ie  trauBfcrnvl  hy  atoinir  I 
tion  lo  an  atuiii  of  cation  of  the  liijuitl  lying  np3tt  to  tbe  ttnotjc,  ;: 
the   anion-atoms  of  the  former  liquid   continuftlly  inlvRueo    neartrr  audi 
tienrer  to  the  nuode,  rmtl  the  eatlon-atoma  of  the  latter  to  the  cathode; J 
hut  thoy  iiffl  not  lilioratod  till  th*y  actually  reach  the  electrodes.     If,  foH 
example,  water  is  «i(uatod  at  the  positive,  and  hydrochloric  acid  iit  tl)«' 
nci^tivo  ])ole,  an  atom  of  water  id  derompoaod  at  the  former  with  separa- 
tion of  oxygrti,  and  an  atom  of  hydrochloric  acid  at  the  latter  with, 
Bepara-lioii  of  hydrnifcn.     By  ntomie  traiiopoHition,  an  atom  of  hydrogettl 
from  the  water,  and  iin  atom  of  chlorine  from  the  hydrochloric  acid,  arri\-al 
at  the  (lurfttct.'  of  sejiarallon.  and  there  cnmhine  to  forrn  hydroi'hloric  add,! 
(A}>p.  3;i.)     The  first  olotii  of  ciiloriiic  which  passes  the  homtdary  is  fol- 
lowed Itv  n  seeoodj  ntid  so  on;  and  thus,  at  list,  the  cotnponud  of  chlorin»J 
And  iiydrog-eij  arrives  at  the  positive  rolp^nnd  not  till  theu  is  the  chlo« 
rinc  sot  hvp  at  that  pole.    If  Hulpliate  of  copper  Imj  placed  at  the  ne^ti«-«»,l 
and  water  at  the  positive  polo,  copper  is  set  free  at  the  former  smd  oxy^ttl 
at  the  latter:  while  at  the  boundary,  the  oxygen  of  the  oxide  of  coppt-rj 
comhines  with  the  hydrogen  of  the  water,  which  at  tho  same  time  take#" 
lip  the  sulphuric  acid    previoKsly  liherated. — If  chloride  of  sodium  i» 
tituatcd  at  the  negative,  and  sulphate  of  copper  at  th<?  positiT*?  poloij 
eotllnra  18  separated  at  the  fonner  (but  hy  contact  with  tho  water  it  foniid 
soda  and  liltemles  hydro^jen)— oiypen  ii?aa  and  sulphuric  acid  at  tho  pusi^ 
tive  pole:  chlorine  and  copper  combine  at  the  border.] 

For  making  experiments  relating  to  this  matter,  the  fo]lowi«>»  appall 
ratas  may  be  n^ed:  Af>p.  2,  in  wliicli  tlie  two  dishea,  cup«,  or  luhea,  'i.  fi,i 
are  connected  by  moistened  fibres  of  ashcatns,  and  have  the  polar  wiretJ 
immersed  in  tbcm  ; — A  pp.  3,  with  a  diaphragm  of  hladder; — the  U-tnbe,j 
App.  4,  which  either  contains  one  liquid  iti  each  nrtii  (sometitnei?  the  two 
beioff  in  immediate  contact,  aometimes  separated  at  A  hy  clay,  cotton,  &c.). 
fir  a  lieapier  Hqnid  at  A,  and  a  Nepramto  liquid  in  each  arm  ; — App,  5,  tilj 
which  similar  remarks  apply; — App.  6,  in  which  the  liqiiida  aro  sinipl5 
laid  olio  upon  the  other; — App.  7,  in  which  the  tube  a  i8  clotie<l  a1   hot* 
torn  by  a  piece  of  bhulder  or  clay; — App.  S,  in  which  also   the  tulws  a 
are  stojiped  with  clay; — App.  9,  of  which  the  eams  maybe  said  lut  u 
App.  2. — In  the  delineatioijs  of  all  these  arrangcnient*,  a  galvanic  Imttcrf 
mnat  be  supposed  to  be  introduced  in  place  of  the  galvanometer. 


Two  Liquid*  in  two  Divl^iotu, 

When  water  is  separated  from  eulphuric  acid  by  a  membrane,  tb« 
current  U  leas  obstructed  if  tho  ixisitive  electricity  he  conducted  into  tlio 
water,  and  the  negative  into  the  acid,  than  in  the  contrary  cose.  (Mat' 
teucci.) 

The  following  table  eihibiu  a  general  view  of  the  deoompo«itions 
observed.  Tho  firat  column  shows  tho  apparatus  in  which  the  experiment 
was  made;  the  second,  third,  and  fourth,  theliquldH  placed  in  the  jiosilivo 
and  negative  divisions  respectively;  the  fifth,  sixth,  and  seventh  columns 
«how  what  substances  were  separated  at  the  positive  and  negative  polar 
wSrei^  which  usually  consisted  of  platinnm; — in  the  loi^t  column  the  nntne 
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uf  tbe  observer  hgWen.^  ilenotea  tlio  middle  Tflsael  occurring  in  Borerel 

arrangements,  and  the  lit|tiid  contaiaetl  in  it. 
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1.  Tlio  liydrogcn  directlj  separated  at  the  negative  pole  from  tlie 
water  of  the  oil  of  vitriol  eonibines,  according  to  Faraday's  view,  witli  the 
oxygon  of  tho  sulplmric  Sield,  und  precipitates  of  sulphur. 

2.  At  first,  hydrochloric  or  hydriodJc  acid  collects  in  the  positivo 
division,  frco  chlorine  or  iodine  showing  itself  only  when  the  current  has 
cutitinued  for  a  very  lon^  time.  Hence  tho  hydrogen-acid*  do  not  appear 
to  be  directly  decomposed,  (Ctfnnel!,)  [This  is  a  conclusion  which,  ac- 
cording to  what  haa  heeu  already  observed  (p.  45G),  we  are  not  obliged  to 
admit,! 

3.  lu  these  cases,  also,  hydrochloric  or  hydriodic  acid  collects  in  the 
positive  cup,  but  no  freo  clilorine  or  iodine.  (Connell.) 

4.  When  tiie  current  has  been  conttaued  for  a  certain  time,  all  the 
ptttash  is  found  in  tlio  ne^tttive,  and  all  the  acid  in  the  positive  cup. 
Other  ariltfi  of  tin)  alkalis  tikewisc  t>ehavo  with  water  in  the  aame  manner 
a«  ealphate  of  pottush.  If,  therefore,  tbe  positive  cup  contains  water 
coJonfdd  with  liliniis,  and  the  negative  cup  water  coloured  with  turiuerio, 
both  l«(|nids  become  reddened,  hceauee  acid  ia  transferred  to  the  positive 
and  alkali  to  the  negatiro  pole,  from  the  salts  contaiued  in  these  colour- 
ing matters.  The  n^eater  tbe  length  tif  tlio  abhesms  fibres,  or  tho  distanc^o 
between  the  poaitive  and  negative  wire,  the  niorp  slowly  does  the  trans- 
fcrcn<.P  of  acid  and  aikali  take  plaw.  Thnis,  with  a  battery  of  ICO  paire, 
wnly  five  minutes  el.ip.«o  before  tlw  appearance  of  acid  in  tbe  positive  cup, 
when  the  distance!  between  tbe  jtolar  wires  is  only  an  inch; •hut  fourteen 
hours  are  rctjnired  when  the  distance  uiiiount*  to  8  inches, — the  poaitlre 
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and  the  middle  cup  <",  as  well  as  tlie  two  bandies  of  aeljeBtus  {Afip.  9), 
containing  waU»r. — ^If  water  coloured  Mut?  by  Utmns  \b  contained  in  *'" 
positive  and  middle  cups,  and  eulpbato  of  potaah  in  the  negative  cap, 
first  reddening  takes  place  ftt  tlie  positive  wire,  and  not  in  tie  mi4d!o  c« 
or  tlje  two  bundles  of  aeb«ehis — allboiigh  the  sulplinric  iwid  elinuuutc" 
from  the  negative  cup  is  obliged  to  pass  along  the  aebe«rt»s_  fibres  and 
through  the  middle  cup,  before  it  rewljea  the  positive  wire.  Siiuilftrly,  >f  J 
the  positive  cup  contains  eulpbate  of  potasb,  a.aA  the  raiddle  and  ticztitirsS 
cup«  water  coloured  yellow  by  turmeric,  the  first  reddening  producol  by^ 
the.  liberated  potash  appeara  at  the  negative  wire.  (H.  Dary.) — If  the 
positive  arm  and  the  lower  part  of  the  negative  arm  of  the  U-tulto  {^jpP^ 
i)  be  filled  with  Bolution  of  sulphate  of  potaeh,  the  portion  of  the  soiutior' 
which  occupies  the  negative  arm  c^arefully  covered  with  a  layer  of  wntei 
tho  water  with  washed  cotton,  the  cotton  with  a  second  layer  of  wnteri 
and  the  nogative  wire  of  a  email  .^O-pair  battery  immersed  in  the  latter, 
■ — ptttaoh  ti|>p«ir»  in  the  upper  hiyer  of  water.  If  the  two  layers  of  wat«r 
are  coloured  with  tincture  of  the  flower  of  Aleei  r&x-a,  the  iiegativo  wii 
dipjicd  into  the  solution  of  Bulpbatc  of  potash,  and  the  positive  wirw  in 
the  uppermost  layer  of  water,  reddening  at  first  takes  place  clote  U»  tl 
positive  wire, — and  not  till  the  upper  layer  of  water  is  completely  reddened, 
docs  any  red  eolour  appear  in  the  lower.  (Gm.) 

5.  In  thcAO  two  experiments,  either  the  positive  or  the  negative  cii_ 
was  made  of  gypaunt  and  fiUetl  with  water;  the  gypsum  wsis  gTadiially 
di«5!?olved  by  the  water  and  decomposed.     (H.  Davy.) 

0.  The  positive  arm  of  the  U-tul>e  and  the  lowest  part  of  the  negi 
tive  arm  contained  a  concentrated  solution  of  nltnite  of  lime;  on  this  w 
carefully  placed — first  water,  then  wet  cotton,  then  again  water.     Thi 
negative  wire   of  a  small   fifty-pair  battery  waa  then    imnierseil  in   th 
upper  layer  of  water  for  forty-eight  hours.     Both  the  upper  and   lowci 
layers  of  water  were  then  found  to  contain  limej  a  Email  portion  of  linn 
was  JopositeJ  on  the  negative  wire,  hut  the  greater  portion  in  the  form 
crystallized  hydrate,  at  the  boundary  between  the  nitrate  of  lime  flu> 
the  water,     when  three  layers  of  water  are  placed  io  the  negative  arnii 
separated  by  two  layers  of  cotton,  and  the  two  upper  layers  colon 
with  iiirmeric,  reddening  at  first  takes  place  in  the  upper  iaver  clnee  to 
the  negative  wire;  and  not  till  the  upper  layer  is  completely  reddetje4 
does  any  tinge  of  red  colour  appear  in  the  lower,  tho  reddening  then  plH>- 
cccding  from  the  upper  to  the  lower  part  of  the  layer.     Similar  remarf 
apply  to  the  green  colouring  which  takes  plac«  when  the  two  layera 
water  are  coloured  with  tincture  of  the  flowers  of  Alcen  rosea.     (Uni.) 

7.  In  thia  experiniont,  magnesia  was  precipitated  in  the  middle  cu 
but  did  not  reach  the  negative  wire.     (H.  Davy.)     Faraday  also  foun 
that  when  water  perfertly  free  from  alkali  is  placed  under  a  golution  « 
enlphate  of  magnesia,  the  negative  wire  dipping  into  the  former  and  thf 
positive  into  the  latter,  the  magnesia  Is  deposited,  not  upon  the  negotiv 
wire,  but  at  the  surface  of  separation  between  the  two  liquids.     I  h^T 
obtained  the  same  result  with  App.  4j  the  whole  of  the  magnesia  w 
deposited  at  the  boundary  bctvveen  the  two  liquids,  none  at  the  negati 
wire.     [The  >>ulphato  of  magnesia  is  resolved  into  sulphuric  acid  ao' 
oxygen,  which  travel  towards  the  poaitive  pole,  and  magnesium  whicl 
goea  towards  the  negative  pole.     Arrived  at  the  boundary  of  the  tw<i 
litjuidfl,  the  magnesium  combiner  with  the  oxygon  of  the  nearest  atom 
water,  and  forms  magnesia,  which  being  but  very  elightly  solublo  i 
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trat«r,  is  precipitated.]  So  likewise  it  waa  found  hy  Sir  H.  Davy  that 
wbeQ  the  positive  cup  (App.  2)  contains  nitrate  of  silver,  and  the  nept- 
tive  cup  water,  metallic  silver  la  ileposlteJ  along  the  whole  length  of  the 
afibcstUjj  tibr^s. 

8.  Hisiuger  &  Berzelina  employed  in  their  experiTneuta  the  U-tube, 
the  open  enJa  of  whioh  were  ttirned  downwards  and  closed  with  stoppers 
through  wLich  the  polar  wires  passed;  the  bend  of  tlio  tube  had  an 
(^oiug  for  tLe  purpose  of  collecting  the  gaa  which  arose.  But  this  evo- 
latioD  of  gas  niuHt  bave  caused  thi^  litjuids  to  mix. 

9.  No  copper  reaches  the  ne^tive  wire,  because  it  is  not  soluhio  in 
water.     (Becquerel.) 

10.  At  the  beginnings  crystals  of  sulphate  of  copper  and  potiiah 
are  deposited  in  the  negative  tuho,  because  putnsh  gets  into  it:  these, 
however,  are  destroyed  as  soon  as  the  Jiitrate  of  potaf<h  is  completely 
deeoniposed,  and  then  sulpbtirio  acid  collects  in  the  jwijitiTe  tube.  (Bee- 
4ucrel,) 

11.  The  heavier  copper  solution  likewise  filled  a  portion  of  the  negri- 
tivo  arm;  after  twenty -four  hours  action  of  a  twelve-pair  battery,  not  a 
trace  of  chloriue  was  fouud  iu  the  liquid  of  the  positive  arm,  and  but  a 
alight  tinge  of  copper  at  the  negative  wire.     (Gm.) 

12.  On  the  lower  Eurface  of  the  hla/lder  which  closes  the  negative 
tube  containing  potash,  a  deposit  of  metallic  copper  is  formed,  mlxea  with 
black  oxide  and  blue  Lydruted  oxide,  the  latter  possibly  arising  from  the 
ordinary  chemical  action  of  the  potash  on  the  copper-salt.  Similar  rela- 
tione are  likewise  exhibited  by  nitrate  of  lead,  Bubnitrate  of  mercury,  and 
nitrate  of  stiver,  and  by  the  protosulpbates  of  iron  and  pnlbdium,     Snl- 

Ehatc  of  magnesia,  on  the  other  band,  merely  deposits  magnesia  on  the 
ladder.     (Dauiell,) 

13.  In  this  and  the  following  experiments  of  Becijuerel,  the  fiolutionu 
must  be  very  concentrated,  otherwise  nolhinp  hut  water  will  be  decnm- 
poiied;  the  battery  must,  also  contain  from  thirty  to  one  hundred  pairs  of 
plates,     Not  a  trace  of  byJrngcn  is  evolved.      (Bccrjucrel.) 

H.  The  solution  of  chloride  of  glucinnm,  and  that  of  chloride  of  zir- 
Goninm  must  be  mixed  with  a  email  nuautity  of  chloride  of  iron, — otber- 
vrise  no  glucinnm  or  zirconium  will  Ik?  separated.  The  first  portions  of 
these  metala  deposited  on  the  negative  wire  contain  iron, — the  subaeijitent 
portions  are  pure.     (Becqoerel.) 

15.  guljihuric  acid  always  collected  in  the  positive  arm,  but  the 
occurrence  of  ammonia  in  tlie  negative  arm  was  not  constant.  When 
the  positive  arm  and  the  lower  port  of  the  ne;!;ritive  nrnt  of  the  TJ-tuhe 
contain  nitr.ite  of  lead, — the  sohuion  in  the  negative  arm  being  covcKd 
■with  a  layer  of  cfitton  an  inch  high,  moieteued  with  snlotion  of  nitre,  and 
a  portion  of  the  same  solution  being  placed  above  the  cotton,— »»  largo 
nuautity  of  i)croxide  of  lend  ia  depo.'iitcd  on  the  positive  wire  after  twenty- 
four  hours  action  of  a  small  fifty-pair  battery,  but  no  lead  on  the  negative 
wire.     (Qni.) 


Ttvo  Liqutdi  in  ihrti  BivUiom,  6ne  Liquid  in  the  middtt,  and  tkf  other 
in  the  twQ  extcriQr  Divinont, 

AU  the  exiicriments  of  Davy  and  Connell,  enumerated  in  the  following 
table,  were  nia«le  with  App.  i);  De  la  Hive,  on  the  other  hand,  formed  bin 
three  diviaiona  by  means  of  two  upright  efaceltt  of  bladder. 
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Liquids. 

Suljstauces  icparfcted. 

^■  and  —  cu|i(. 

lu  the  raiddli;  cup. 

»t  + 

•t  - 

Ob«m^ 

H  0 

1  or  Br 

O 

H 

Coonell  •■ 

H  O 

S  0>     ditQte 

S0>;  0 

H 

t1 

E  O 

K  O     dilute 

O 

KOi  H 

» 

H  O 

KCl 

HCl.  O 

K  O;  H 

H.  D».y  • 

H  O 

NH'Ct 

a  CK  0 

N  H';  H 

Connell 

HO 

Kl 

T  0' 

KO;  U 

« 

NH'Cl 

Zn  0,  S  0* 

CI 

NU',  H 

De  1»  Bire  ' 

ZnO,  SO' 

NH«a 

8  0',  O 

Zti 

1.  Bromloe  or  iodme  dissolved  in  wat«r  does  not  paaa  over  either  into 
the  positive  or  into  the  negative  cup.     (Connell.) 

2.  The  passage  of  eulphoric  acid  intu  the  positive,  and  tiisl  of  potadi 
into  the  cegative  cap,  l>ecomc8  eviJetit  in  »  few  minutes.  Xot  a  tiwo 
of  those  substances  pag»0B  iuto  tho  opposite  cup;  couseijuetitly,  the  tmnait 
is  caused,  not  by  capillarity  but  by  tUe  electric  current.  It  ajipears  then 
that  acids  can  travel  to  tbe  positive  pole  without  the  aesUtai!Ct<  of  La***, 
and  alkalis  to  the  negative  pole  without  the  help  of  aclda,     (CoatrelLJ 

3.  CLluridc  of  calcium  and  chloride  of  iron  behave  just  like  chloride 
of  potassium.      (ConQell.) 

4.  Hydriodic  acid  is  at  firet  separated  between  the  iodide  of  potassium  < 
and  the  positive  water;  hut  this  avid  is  converted  into  iodic  ucid  by  ihoj 
oJtygeii  piissiug  over  to  the  positive  pole.     If  therefore  tw-o  cups  filled 
with  water  be  placed  on  the  positive  &ide,  hjdriodic  acid  will  he  found  in 
the  one  which  touclies  the  iodide  of  potasisium,  ajid  iodic  acid  iu  that  id 
whicli  the  iJKiaitive  wire  ie  immeraed.     (Conticll.) 

5.  From  theee  experiments  it  appears  that  those  Ufiaide  only  ara  de^ 
composed  which  are  in  contact  with  the  polar  wires.  [If  tbe  ciporiment 
hiMl  been  continued  for  a,  longer  time,  it  is  probable  that  the  elements  of 
the  middle  liquid  would  likewise  have  appeared  at  the  poles.] 

When  the  two  outer  cups  {^PP'  9)  contain  common  salt,  and  the  I 
middle  one  nitrate  of  silver,  chlorine  imwcJiately  appears  in  the  pohitir© 
cup,  and  soda,  together  with  hydrogen  go^,  in  the  negative  cup.     In  Iho 
middle  cup  two  precipitates  are  formed, — one  of  a  flocculent  diai-acter, 
where  the  soda  from  the  positive  cup  enters  the  silver  solution,  tbe  other  ^H 
of  a  thick  cousistoucc,  where  the  chlorine  from  the  negative  ^de  enters  V 
the  atnio  solution.     (H.  Davy.) 

A  laurel  leaf  with  one  end  dipping  into  the  water  in  cup  a  {App.  2), 
Bnd  the  other  end  in  b,  becomes  brown  after  tbe  current  has  acted  upon 
it  for  some  time,  looking  a^  if  it  had  been  burnt]  the  water  iu  the  posi- 
tive cup  remains  perfectly  clear  and  smells  like  peaidi  blossom;  that  in 
the  negative  cup  is  found  to  contain  potash,  lirae^  resin,  and  green  colour- 
ing matter,  A  poppemiint  plant,  after  being  exposed  in  this  manner  to 
the  action  of  the  current  for  ten  minutes,  recovers  itself;  tiut  if  tbe  current 
be  sntFored  to  oot  upon  it  for  four  boursj  it  withers.  At  the  same  timo,  fl 
sulphuric  acid,  hydrochloric  acid,  and  an  acid  which  precipitates  rhloridd  V 
of  calcium  (oxalic  acid  1)  collect  in  the  positive  cup,— ^potash  and  lime  in 
the  negative  cup,     (H.  Davy.) 

If  the  lower  ends  of  two  glass  tubes  be  closed  by  the  exlremitioe  of  j 
a  shoot  of  Ciictim  /agelli/ormU,  tbe  tubes  filled  with  water  and  a  pola^J 
wire  dipped  into  each,  the  end  of  the  shoot  which  is  turned  towards  the  f 
positive  pole  becomes  yellowiah  and  shrink.^  up,  whilst  the  other  end] 
acquires  a  dark  green  colour  and  snella  up.  The  water  of  the  positii'e 
tube  is  found  to  contain  chlorine,  that  in  the  negative  tube  potasb. 
{Hisinger,  GUb,  27,  304.) 


BLGCTROLYSl^ :    THREB  LTQUIDS. 


m 


Whon  a  i>iece  of  blaJdor  is  nseil  aa  a  Jiapliragtn  In  pure  water,  tlie 
fMiumon  salt  cuutamed  in  it  is  ilecompoEeJ,  culorine  being  oUiniualoil  «t 
tho  piteitivo  and  boiliutii  at  tlie  nejpitive  pole.  (H.  Davj,)  (Hcqco  P»- 
ohianrii  liUjfpotieil  gonerulioa  of  cbloriue  fnim  water,  6ili>.  21,  108,  113, 
aiid  125;  22,  202,  20S,  2H(,  and  220;  23,  4013.)— A  piece  of  muscle  2 
incboa  hug  and  .|  an  inch  tliick  being  Juid  with  ita  ends  dipping  into  two 
glaanea  fillgd  wIlJi  water,  und  isubjetited  fui  live  day&  to  tbo  action  of  th« 
irarrent  of  a  150-pair  batlory,  becomes  dry  and  hard  and  leavea  no  suliuo 
ycifldue  when  burnt;  lut  the  iiositiitB  ctip  is  found  to  contain  phosphoric, 
llphurie,  hydruvliK^ric,  and  nitric  acid,  and  the  negative  cup  ammonia, 
_  Dtofib,  soda,  and  iron. — When  a  weil-Wiiishcd  finger  ia  dipped  into  ibo 

tiofiitive  and  another  into  the  negntivo  civji,  phosphoric,  sulpharic,  and 
lydroclilorio  acid  collect  in  the  fonuer,  alkali  in  the  latter.  (H.  Pavy.) 

If  tbo  lower  ends  of  two  jjlusw  tiihcd  bo  stopped  up  by  a  piece  of 
niuseiilar  fletih  kept  niuivt  by  iiiiiner!>ion  in  water,  the  tubes  filled  with 
water,  and  an  electric  correot  passed  into  tlio  water  for  twfnty-four 
kouTH,  (he  end  of  the  piece  of  flesh  ia  the  positive  tube  appears  liko 
cougiilated  whitu  of  ug^r,  beiug  altjo  trausp^ont  and  destitute  of  snioll; 
that  in  the  nogativo  tube  ia  more  strongly  reddened,  apfHiars  translucent, 
wuelU  putrid,  and  is  covered  with  a  coating  of  lymph.  Tbe  slightly 
coloureil  water  of  tiio  positive  tube  contains  hydrocUoloric  axid  witli 
dako«)  of  coagulated  albumen,  the  yellowi4i  water  of  tbo  aegative  tubci 
contains  soda.  (HiHinger.) 

Miaorab:  likewise  oontatn — probably  from  thft  sea-waitet  which  onoe 
covered  tbeni' — certain  eaJts,  the  couBtituents  of  which  are  Iransferrod 
under  btniilor  circumstaneee  to  the  jiolar  wires.  If  a  cup  of  Carrara 
niiLrblo  b«;  placed  in  a  platinum  crucible,  water  pouretl  into  both  vosjiela 
till  it  reaches  a  little  above  the  edge  of  the  marble  cup,  the  crucible 
connected  with  the  positive  pole,  and  tlio  negative  wire  dipped  into  tha 
water  of  the  marble  cup,— *oda  as  well  as  Hmc  collects  in  the  latter. 
Clay  slate  and  serpentine  yield  soda  iu  a  simitar  mannei'.  Glass  vasaob 
also  ooutainiug  water  tbruu'di  which  the  electric  current  is  passed,  aro 
•ttacked  and  yield  soda  at  the  negative  pole.  (H.  Davy.) 

Three  Liqu'ttU. 


App 
9 
!l 
9 
9 

9 


1.  Sulphuric  acid  begins  to  show  itself  iu  the  water  ia  five  minutea, 
hydrochloric  aeid  not  till  after  two  hours.  (H.  Davy.) 

2.  Baryta  appears  in  the  water  after  the  lapse  of  some  mlnutesj  p«taah 
ia  an  boar. 

3.  Potash  instantly  appears  in  the  water,  but  ao  baryta  passes  over 
into  that  liquid  even  in  ten  honrs,  because  in  passing  throug^h  the  sulphate 
c.f  tKjtttsh  in  the  uiiddlo  vessel  it  is  precipitated  in  the  form  of  sulphate  of 
baryta.    (H.  Davy.) 

4.  Hydrocblorio  acid  could  not  pass  over  to  the  water,  bocausa  it  wbb 
preoipit*^  in  the  middle  veeicl  by  thfl  «ulphAte  of  silver.  (H.  Davy.) 
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5.  Insteiul  of  potash,  the  middle  ressel  may  cotitaiii  unmooi*,         ^_ 

.or  lime-water i    the  salphuric  acid  will  Blill   go   through.      When   thflp 

'  allcalioe  solntiQnfi  are  dilut?,  sulphuric  acid  ^hows  iuelf  ia  the  wat^^r  m 

fire  minates  (with  a  battery  of  150  pairs)^  hnt  through  concentrated 

potash  or  soda  it  pa^es  but  stowlj.     Similar  efFectB  are  prodaccd  when 

nitre  or  common  ealt  is  substituted  for  sulphate  of  potsah.     lu  the  eaiu* 

manner,  Wdrochloric  and  nitric  acids  pass  through  baryta  or  strontitn- 

water  in  tne  iiiiJ<Ue  cup.     But  if  the  negative  cup  contains  n  eolubtc 

snlphat^,  f.  j/.  Bulphatc  of  potash,  and  th«  middle  one  hurjrta-^nter,  tha* 

whole  of  the  sulphuric  acid  vrhich  passes  into  the  latter  is  precipitated  aa 

snlphate  of  haryta.,  and   no  acid  appears  in  the  positive  cup.     Wlifii 

I  tftrontian-watcr  h  placed  in  the  middle  cup,  ?v  traco  of  sulphuric  aeid 

sppears  in  the  positive  eup  after  three  dnjs  [probably  because  sulphate  of 

stroatia  i.'*  somcwliat  more  soluble].     (H.  Davy.) 

6.  Instead  of  eulph^te  of  potn$h  the  iMSittre  cap  may  contra  any 
other  salt  of  potatufaj  soda,  lime,  or  magnesia,  and  the  middle  cnp  may  Im 
filled  with  hydrochloric  or  nitric  acid  in.'stead  of  salphuric;  e.g.  uitrat*  of 
lime  and  hydrochloric  acid,  sulphate  of  Eoda  and  hydrochloric  acid,  eblorido 
of  calcium  and  enlphuric  acid,  chloride  of  magnesium  and  eulphuric  aeid; 
similarly,  salts  of  baryta  or  etrontia  with  h^'drochloric  or  nitric  acid,  Tho 
ham  always  goee  through  the  acid  in  the  middle  cup  to  the  water  in  the 
negative  cup;  the  stronger  the  acid  in  the  middle  cnp,  the  slower  is  th« 
passagie;  hut  with  a  battery  of  150  pain*,  decisive  results  are  always  ob- 
tained in  less  than  forty-eight  hours.  If  howerer  the  base  should  form  an 
insoluble  salt  with  the  acid  in  the  middle  c«ip,^-r,^7.  when  a  baryta  or  ^trontitv 
ealtia  contained  in  the  poeitiveeup  and  sulphuric  arid  in  the  middle, — the 
base  never  reaches  the  negative  cup. — If  the  positive  cup  contains  proto- 
eulphateof  iron,  the  middle  hy<lroehloric  acid,  and  the  negative  cup  water, 
mroen  hydrate  «f  protoxide  of  iron  appears  after  ten  hoars  in  the  asbestUB 
between  the  middle  and  negative  cup,  and  in  three  days  a  large  quantity 
of  hydrate  is  deposited  in  the  negative  cup.  Sulphate  of  copper,  nitrate 
of  lead,  and  chloride  of  zinc,  behave  in  a  similar  manner.  (H.  Davy.) 

The  followin*  experiraents  were  made  with  a  U-tnhe;  the  heavies4 
liquid  filled  the  curved  part,  the  two  ethers  the  arms.  The  current  of  a 
teD-{niir  battery  wa.3  passed  through  the  appanitua  fur  twenty-Fonr 
hours.  It  follows  from  those  experiments  lluit,  with  currents  of  small 
tension,  liquids  du  tint  transmit  their  conelitueats  very  qtiickly  to  the 
electrodes  farthest  removed  from  them.   (Gm.) 


in  + 

NH*a 

NH*C1 
CttO.NO' 
PbO.NO' 
CaO,N0> 
AgO,N  O* 


Liquid). 

In  the  middle, 
N»Cl 
CaCl 
110,  SO* 
NnO.NO* 
K  O.  N  O* 
CaO,  N0> 
KO.NO^ 


Na  O.  S  0> 
NH^NO* 
2KiiO,  PO' 

NH'Cl 

N  H*  ei 

N  H*  CI 
KO.SO* 


There  Ii  f(>ond, 
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no  SO" 

no  >•  W  (but  CI  O*) 

no  P  O* 

nr,  CI 

Pb  O",  no  CI 

no  CI 

Ag  O*,  no  S  O' 


ng 


in  —  lit{aul. 


no  NH» 

no  C»0 
no  Pb  an 

no  Ca  on 
no  Ag  UD 


1.  No  copper  or  oxide  of  copper  is  deposited  on  any  part  of  the 
apparatus.  (Gm,) 

If  the  positive  cup  (App,  2)  contains  nitrate  of  baryla,  the  ne^tiv« 
cnp  snlphate  of  copper,  and  the  ashcstns  h  is  saturated  with  solntion  of 
common  salt,  no  turbidity  is  prodaccd  in  the  nitrate  of  baryta  by  the 
action  of  the  current^  because  the  sulphuric  acid  which  is  carried  in  th« 
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direction  of  the  positive  pole  remains  (aa  sulpbate  of  soda)  in  the  sotntion 
of  common  eiilt.  (Becquerel.) 

These  experiments  are  decidedly  opposed  to  De  Ift  Rive's  theory  of 
of  electrolysis,  (p.  433.) 

The  tube  a  {App.  7)  is  closi^d  at  the  bottom  with  clay  saturateJ  with 
acetate  of  soda,  and  cotit&ititj  acotnto  of  jfaa  with  which  is  mixed  a  trace 
of  acetate,  auiphato,  or  nitrate  of  manganese;  it  ia  likewise  immersfd  in  the 
vesael  b  filled  with  nitrate  of  copper:  under  these  circumstances,  the 
current  of  a  single  pair  of  plates  id  sufficient  to  coat  the  positive  platinmn 
wire  which  dips  iuto  a  (tlie  nogiitive  wire  dipping  into  Ij),  with  Wown 
peroxide  of  mangnnese,  and  in  a  iew  hours  to  separate  all  the  man^'auGse 
from  the  iron  solution.  Smiietimea  the  liquid  in  a  acquires  a  transient 
rose  colnor  toward^  the  end  of  the  action.  A  suit  of  lend  (instead  of 
maiigaticBe)  mixed  with  the  iron  salt  yields  hrown-black  cryatals  of 
peroxide  of  lead  on  the  poaitivo  wire,  as  long  as  any  ieiid  remains  in  tho 
liquid  j  in  this  case^  however,  a  battery  of  seroial  pairs  is  required. 
(Becquerel.) 


Electrical  Polarization .^ — ^ScCondaty  Charge. 

When  an  electric  current  has  passed  for  some  time  from  two  homo' 
gvneoQB  (or  even  heterogeneous)  metab  into  a  liquid — if  the  metals  bo 
then  separated  from  the  electrical  source  and  inetallically  connecteil  (by 
ineaii<9  of  a  jfittvano meter)  whiLsl:  they  remain  in  contact  with  tho  liquidj 
— a  current  of  eloctrictty  pa,«saj  from  the  one  to  tho  uther,  through  the 
metallic  connection,  in  the  direction  opposite  to  that  of  the  original 
current;  tliat  is  to  say,  positive  electricity  passes  from  tho  former  anode 
through  the  galvanouieter  to  the  cathode.  This  secondary  current  is 
often  prodnocd  when  the  two  pieces  of  metal,  after  being  acted  upoa  by 
the  first  or  primarff  current,  are  placerl  in  contact  with  fresh  liquid  instead 
of  that  in  which  they  were  previously  immersed;  likewise  when  tho 
liquid  wliicli  lias  been  exposed  to  the  action  of  the  current  is  placed  in 
contact  with  two  fresh  pieces  of  metal, 

[Tho  secondary  current  is  for  the  most  part  referable  to  decomposi- 
tions produced  in  the  liquid  by  the  primary  current,  and  to  the  various 
pruductii  of  decAniposition  partly  deposited  on  the  anode  and  cathode, 
partly  collected  in  the  positive  and  negative  halves  of  the  liquid.  A  a 
800Q  as  the  primary  current  ceases,  a  cliciiiical  reaction  of  thei^o  proilncts 
upon  each  other  and  upon  the  liquid  commences,  and  thus  an  electric 
current  is  produced.  This  current  always  takes  tho  direction  opposite  to 
that  of  the  primary  current,  because  the  hitter  has  accumulated  eloctru- 
B^gAtive  substances  at  the  positive  pole,  and  electro-positive  substancesi 
at  tho  negative  pole.] 

Two  platinum  wires  conducting  the  electric  current  through  mercury 
do  not  l«conie  polarised.  (Schtinhein;  De  la  Rive.) 

Platinum  wires  ia  water  give  a  weaker  secondary  current   than  the 

tie  wires  in  dilute  acids.  (Do  la  Rive.) 

Elcctrodca  of  spongy  platinum  in  water  or  dilute  Bulphuric  acid  give 
a  much  slrungor  aad  more  pemianecit  secondary  current  than  electrodes 
of  comjMW't  platinum.  Platinum  wire,  the  aurface  of  which  has  been 
brouj^ht  into  tliB  pulverulent  state  by  alternating  currents,  behaves  like 
vpongy  pJ!i.tininii,  (De  la  Rive.) 

Platinum  acting  as  cathode  is  fmed  by  hydrogen  from  all  adhering 


474 


ELECTRICITY. 


oxido,  atiii  thua  broQgbt  intA  a  at&ta  in  wkich  it  may  be  itlightly  aeied 
opon  liy  water  oonUiining  acids  or  air;  platiDam  whieli  liiu  hevn  uised  w 
M  anode  (and,  io  n  laae  degree,  that  which  lias  been  oxjintioii  to  the  air) 
m  eoatod  with  oxldt).  This  cliomical  difference  botweou  thtv  two  pieoM  fljf 
platinnm  pruduceA  tho  secondary  curreat.^ — If  twv  plutinuiu  platea  be 
eqiliUiy  well  doancd,  but  cue  dried  in  tho  upeu  air  and  tl\c  oibcr  iu  ^nunio 
oyer  oil  of  ritriol,  the  former,  which  hwa  become  oxldisuJ  by  expu^uro  to 
the  nir  will  be  negaiiro  towards  the  latter  in  dilute  aulpburio  or  nitha 
acid,  bnt  jtitiiitire  io  atroug  nitrio  acid — because  thid  acid  diasulreft  tha  { 
oxide.     (Dc  la  KIys.) 

If  a  cell  filled  with  dilute  eulpburio  acid  is  temmnated  at  its  two  entls  i 
by  a  zinc  and  a  platinum  plate,  and  divided  in  tho  middle  by  a  second 

Elatiuum  ]ilate  into  iin  exciting  and  a  decomposing  cell — the  fine  pl^to 
sing  oonnected  with  the  first  platinum  platu,  but  in  such  a  manner  that 
a  piece  of  paper  moistened  with  sotution  of  io'dide  uF  poliiasium  njay  he 
introduced  into  the  cireuttj — decomposition  of  the  iodide  of  pota«sium 
ensuee,  and  the  needle  is  eU^htly  deflected.  If  the  paper  be  then 
removed  and  the  circuit  metallically  closed,  tho  deflection  is  at  first  nmch 
stronger,  but  soon  cciiaea  in  consequence  of  the  polarisation  uf  ibfl 
platiuuQi  plates.  If  the  paper  be  then  reintrutluced,  nu  more  doconiposi-  I 
tion  of  the  io<lidc  of  potassium  ensues;  it  again  takes  place,  however,  if 
tU«  circuit  bo  loft  open  for  (ivo  or  ten  minutes.  If  the  circuit  has.  been 
metallically  closed  for  an  hour  or  two,  a  feeble  current  only  in  pruduoed 
after  it  ha^  been  left  o|»on  for  ten  minutes;  and  tlie  two  platinum  plate* 
connected  by  the  ^Ivanometer  now  prodnco  u  contiter-ourreut,  whoreby 
positive  electricity  pasties  from  tho  first  platinum  jdato  to  tho  eecoun. 
(Faraday.) 

In  dilute  hydrooUlonc  acid,  platinum,  gold  and  silver  give  eccnud&ry 
currents;  in  dilute  sulphuric  acid,  only  platinura.  This  metal,  both  in 
pure  oil  of  vitriol  anil  iu  oil  of  vitriol  diluted  with  two  or  ibree  parts  of 
water,  produces  a  ttrung^  secondary  current,  even  if  the  primary  current  ba 
80  f«»eble  as  acarcely  to  deconipoBie  iudide  of  potassium.  The  gcoondarjp 
oorrent  often  oontiuues  for  houru,  gradually  diminishing  iu  power.  Tbo 
wires  retain  their  polarization  longer  when  ieparato  than  when  uuit«<J. 
When  the  secondary  current  haa  cea^d,  tt  may  be  again  excited  in  the 
same  direction  by  keeping  tlio  wiro«  eeparate  for  a  time,  and  wit)  be 
more  powerful  the  longer  tlio  scfmration  hoa  lasted, — but  always  feoblok 
A  secondary  oarrent  U  likewise  obtained  when  the  negative  platinum  wire 
ia  romoTod  and  replaced  hy  one  which  has  not  been  used.  (Schonbein.) 

Copper  electrodes  eihibit  the  strongest  polariation  when  they  act 
upon  a  eolution  of  common  salt;  then  follows  water^  then  dilute  sulphuric 
acid,  then  dilute  nitric  acid.  For  when  tho  current  in  made  to  act  upon 
the  water-cell  till  the  iwlarizatiun  has  attained  its  maxiutum,  and  the 
plates  are  then  removed  from  the  circuit  and  connected  with  the  chloride 
of  sodium  cell  and  the  galvanometor,  tho  counter-current  amounts  to  14"; 
but  when  the  chloride  of  sodium  cell  haa  been  exposed  to  tlio  current  of 
the  battery,  the  counter-current  excited  on  connection  with  the  water  cell 
amounts  to  17'.  Tho  polarized  water  c^'ll  connected  with  the  sulphuric 
acid  c«II  gives  ll'S";  the  polariied  sulphuric  ncid  cell,  on  the  contrary, 
connected  with  the  water  cell,  gives  only  5";  and  the  polarixcd  nitric 
acid  cell,  when  connecte<l  with  the  water  cell,  gives  only  Qu'.  (Buff.) 

The  primary  current*  polarizes  both  the  electrodes  and  the  litjuid, 
eometiniea  the  former  in  a  greater  degree,  sometimes  the  latter.  A 
eecoodary  ourrcnt  ia  likewise  excited  wh«a  the  two  platinum  wires,  alter 
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tbey  have  b«aa  acted  upon  bj  the  primu;  ciirreiit,  are  repkced  b^  two 
QimseJ  wires  connected  together  by  the  galvanometer.  If  the  wire 
whicli  tag  cotiducteil  positive  electricity  into  dilute  bjdrocliloric  acid  in 
the  U-tube  hs  made  to  dip  iato  tlie  negative  arm,  and  tbe  other  wiro  into 
the  positive  arm,  tbe  direction  of  the  current  will  be  sucb  as  to  show  that 
the  polarization  of  the  bydrochloric  acid  ia  stronger  tlian  that  of  the 
wirea.  With  aulphuric  acid  either  concentrated  or  dilute,  tbe  action  is  at 
first  exactly  the  reverse  of  that  jast  dcacribod,  positive  electricity  going 
from  tho  wire  wbicU  formed  the  anode  tbtutigb  tbo  galvanometer  to  the 
oilier  wire;  but  Ihia  cnrreut  gra<liially  tlirainishcri  and  ia  at  last  reversed, 
— a  proof  that  the  polariaatioii  of  the  sulphuric  acid,  tbouffh  weaker,  is 
more  lasting  than  that  of  the  wires. — Tho  platiuum  wires  tlirough  whicli 
the  primary  current  has  pa^^ed  into  dilute  acid  likewise  give  a  secondary 
current  when  immersed  in  frcab  dilute  acid. — A  current  ao  feoblo  as  na 
longer  to  cause  evolutioti  of  gas,  is  still  capable,  even  when  the  wirea  are 
replaced  by  fresh  ones,  of  polariiiiig  hydrochloric  aeid— which  on  the  wholo 
ia  anaccptible  of  stronger  pojarizatiou, — but  not  sulphuric  aeid,  in  the  case 
of  which  at  least  a  trace  of  gaa  niuiit  be  evolved.  With  a  stronger  our^ 
rent,  sulpharic  acid  retaias  its  poluriaation,  even  after  it  has  been  heated 
to  tbo  boiling  point  in  both  arms  of  tho  U-tube,  provided  the  portions  of 
liijiiid  in  the  two  arms  have  been  prevented  fi'om  mixing.  (Schonbein.) 

A  platinum  wire  which  ha^  formed  the  anode  in  water  or  dilute 
sulphuric  acid,  losea  its  polurimtion  ia  liydrogen  gas^  hocatise  that  gas 
removeji  the  oxygen  which  eurrounds  the  platinum,  probably  in  tho  slate 
of  peroxide  of  hydiogcu  [or,  according  to  Do  la  llivCj  of  oxide  of  plap 
tidumlj  and  a  wire  which  haa  conducted  negative  electricity  (or  served 
^a  cathode)  loses  ita  polarization  in  chlorine  gas  or  bromine  vapour,  and 
more  slowly  in  oxygen  j^ns,  those  subistauces  removing  tiie  hydrogen  [or, 
a>ocordiug  to  De  la  Rive's  view,  fonninga  coating  of  chloride,  bromide,  or 
oxide  of  platinum].  Both  wires  lose  their  polarization  by  ignition,  which, 
remoi'es  both  oxygen  and  hydrogen.  (Scbonbetn.) 

W'iroe  and  litj^uidj?  may  also  be  polarized  by  ordinary  chemical  meana. 
Clean  platinum  wire  placed  in  hydrogen  gws  Iwiconiea  in  a  few  seconila| 
poeitive  towards  other  platinum  wires,  because  an  envelope  of  hydrogen  ' 
IS  formed  around  it  [or,  according  to  Do  la  Rive'a  view,  because  it  ia 
entirely  freed  from  oxide  by  the  hydrogen].  Gold  and  silver  arc  not 
polarised  in  hydrogen  gas.  In  oxygen  gas,  neither  platinum,  gold,  nor 
silver  h  poliirized;  tut  all  three  of  these  metala  iiro  polarized  by  chlorine 
gaa  or  bromine  vapour.— Similarly,  dilute  sulphuric  acid  which  has  been 
bhaken  up  with  hydrugcn  gas,  ia  positive  towards  sulphuric  acid  not  so 
treated;  and  water,  after  being  agitated  with  hydrogen  gas,  is  pobitivo 
towartla  onlinary  water,  when  tbe  electrodea  are  formed  of  plutinum, 
but  not  when  they  coaaist  of  gold  or  silver.  Dilute  sulphuric  acid  agi- 
tattd  with  oxygen  gas,  gives  no  current  with  other  sulphuric  acid;  but 
diluLc  iiulphuric  acid  mixed  with  bromine  or  chlorine,  ia  negative  towarils 
ordinary  sulphuric  acid  with  platiuum  electrodes,  but  not  with  electrodes 
of  gold  or  silver.  (Schiinbein.) 

A  platinum  plato  which  has  served  aa  positive  pole  in  a  watery 
liquid,  absorbs  hydrogen  when  immersed  in  that  gas  [which,  according  to 
De  la  Rive,  eombinea  with  tho  oxygon  of  the  oxido  of  platiuum],  and  a 
plate  which  has  formed  the  negative  polo  absorbs  oxygen  gas  [according 
to  De  la  Rive,  hecause  it  again  becomes  conted  with  oxide].  Platinum, 
after  immersion  in  oxygen  gas,  is  uDgativo  iu  a  watery  iii^uid  towards 
platinum  whicb  baa  been  Immersed  in  hydrogen  gas.  (Mattcucci.) 
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Charcoal  or  porons  coke,  used  as  tlie  negative  pole  ia  a  watenr  Ii<{ui>|_ 
liberattw  no  hydroe^en  al  firat,  but  condenses  it;  bonce  these  atttwtancu*, 
yrhtn  afterwards  placed  iu   a  solution  of  (!op|>er,   become  ooat<d  wit 
copper: — when  they  act  aa  positive  pole,  they  liberate  cxygen — andaftel 
wanLi,  when  tmmcreed  m  hydrocbioric  acid,  elimiuate  cbloriBe-  (Sotev.)  ^ 

Two  platinum  wires  used  as  the  electrodes  of  a  3-pair  battcTV, 
solution  of  coDimoa  ealtj  become  more  heterogeneoiis  tUaa  line  and  cog 
per,  (Marianani.) — They  are  polarized  by  solutions  of  sulphate  of  pofaM 
or  lime,  iodide  of  potassium  (most  strongly  in  this),  sal-aiumoniar,  cldfl 
ride  of  barium,  nitrate  of  potash,  barjUi,  or  limo,  tartrate  of  potash, 
acetate  of  lime.  Agaiu,  if  litmns  or  tarmeric  paper  be  nioisl^ned  urit 
any  of  these  solutions,  and  tbe  electricity  of  the  machine  made  to 
upon  them  by  means  of  two  jdatinum  wires,  till  dec<irrii>osition  bi'COTne 
manifest  by  change  of  colour,  the  platinum  wires,  when  conncctetl  hy 

Salvanomcter,  will  p'tYC  a  secondary  current;  so  likewise  if,  after  tl 
ecotuposition,  tbe  pTatinuni  wires  be  replaced  by  fresh  ones.  (Hetiriei.) 
Two  platiutim  wires,  exposed  in  a  solution  of  eal-ammODiac  to  Ih 
primary  current,  exhibit  tbe  secondaTy  current  in  another  ]i<juid  a]« 
even  if  the  part  which  waA  Immersed  in  the  first  solution  be  rut  off;  it 
then  however  weaker,  and  the  more  so  in  proportion  to  tbe  distsnc 
from  the  solution  at  which  the  wires  have  been  cut  off.     The  longer  th^ 

frimary  current  is  continued,  the  more  powerful  is  the  secondary  current 
f  the  primary  current  has  been  continued  for  thirty  minutes  {longe 
duration  avails  nothing),  the  wires  retain  their  polarisation  for  sever 
days;  it  is  weakened  by  rubbing  tlie  wires.  (De  la  Rive.) 

Conductors  polarized  in  Bal-aranioniuc  excite  secoadftry  cnrrenta  of 
various  strengths  in  the  following  order,  beginning  with  that  which 
acts  most  powerfully:  Peroxide  gf  manganese,  grophite,  charcoal,  pla- 
tinum, gold,  silver,  copper,  bruss,  iron^  tin,  lead,  xtnc.  (Pfafi*,  Hehw.  5<i 
385.) 

If  two  silver  wires  be  iiia,d©  to  act  for  twenty-four  hours  on  eolution' 
of  sulphate  of  potash,  the  negative  wire  ceases  to  evolve  gas  as  eoon 
the  circuit  is  broken;  but  the  positive  wire  evolves  as  much,  if  not  mor 
than  before.     If  the  positive  wire  be  then  introduce»l  Into  that  arm 
the  U-tube  which  previously  contained  the  negative  wire,  and  this  into 
tbe  positive  arm,  the  evolution  of  gas  still  continuca  on  the  positive  wire, 
but  more  feebly;  in  aij  unelecttifieil  solution  «f  sulubate  of  pntasb,  the 
wiro  does  not  evolve  any  gas. — When  zinc  is  used  a?  the  positive  and 
iron  as  the  negative  pole  in  solntiun  of  suI])hato  of  potash,  and  the  bat 
tery  continues  in  action  for  about  twenty-four  hours,  the  zinc  wire  i^ivea 
no  more  gas  after  the  circuit  is  broken;  but  the  positive  iron  wire  ofteni 
continues  to  evolve  gas  for  half  an  hour,  tbo  quantity  increasing  as  tbM 
iron  wire  is  brought  nearer  to  the  kjivc  wire;  metallic  contact  of  the  twol 
wires  has,  however,  no  influence  on  the  eyolntion  of  gas.     The  iron  wire,  I 
when  taken  out  of  the  liquid  and  again  immersed,  continues  to  evotvi)] 
g^,   but  does  not  produce  any  such  eflect  in  an  unclectiified  sotution  of] 
Bulphate  of  potash;  fresh  iron  wire  liberates  no  pis,  even  from  the  eloc-f 
trifled  solution.  (Hisingert.Sc  Berselius,  Gifb.  27,  287.) — This  enigmatical 
result  was  observed  by  Pfafl'  in  solution  of  sal-ammoniac.  (A'cJiw.  j«3,  77.) 

Iron,  coppiT,  or  zinc  wires,  exposed  in  eauatjc  potash  to  a  weak  pri- 
mary  current,  afterwards  jfive  a  strong  secondary  cuncnt. 

If  the  cups  (App.  2)  contain  alcohol,  and  tbo  lead  wire  o  and  copper 
wire  p  are  connected  for  some  hours  with  the  poles  of  a  2U-pair  battery, 
"^Wh  the  silver  plate  ff  immersed  in  ti,  and  the  silver  plate  » itnuiersed  lu 
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6  touch  one  anoth«r  at  h, — then,  on  connecting  the  two  silver  plates  with 
the  galvanometer,  and  dipping  tbetn  into  aolution  of  common  salt,  tho 
plate  whi<?h  has  been  immersed  in  the  positive  cup  appears  more  positive 
than  tin,  ntnl  thitt  wliich  ha^  been  immersO'l  in  the  negfLlive  cup  almofit  aa 
ncfjative  a?  goM.  The  oftener  the  MJver  has  been  thus  treated,  the  more 
qmckly  Joea  it  a!i?iiiiic  this  condition;  by  wipinj^  and  tlrying  tho  phites, 
the  iiefiiiUiir  state  is  for  the  most  part  deatroyeJ.  Gold  and  plaliuuin 
bphave  like  silver;  lead,  tin,  copper,  nnd  braes  may  in  this  manner  be 
made  more  positive  than  zinc;  in  iron  the  effect  is  not  produced  without 
much  greater  difRciilty,  But  when  copper  or  brass  which  has  been  ren- 
d«r'>d  jioeitivc  is  wiped,  it  becomes  more  uegativo  than  in  its  natural 
etale.   (Marianioi.) 

If  a  strip  of  zinc  in  the  circuit  of  the  voltaic  battery  conducts  positive 
electricity  into  boiled  water,  the  cathode  being  formed  of  platinum,  the 
ir  soon  becomes  indifferent;  and  after  the  battery  baa  worked  for  some 
inutcs,  a  secondary  current  shows  itself  (in  which,  therefore,  jiositive 
"*Tectricity  goes  froin  tho  zinc  ihroiisjh  the  galvanometer  to  the  platinum); 
btit  it  eoon  comes  to  nolbing,  and  remains  so  aa  long  as  tbo  circuit  is 
closed. — If,  on  the  contrary,  the  positive  electricity  flowa  through  the 
ptatininii  into  water  freed  from  air,  the  zinc  becomes  ten  times  more 
positive  liiiin  in  its  niitiiral  state,  or  the  secondary  current  is  ten  times  as 
Btrnn^Ms  that  vvhich  would  be  excited  by  zinc  with  platiniim  and  water 
not  previously  electrified.  (Buff.) 

A  1^0,  when  several  plates  or  wirea  of  the  same  metal  are  made  to 
alteriiatp  witli  layers  of  the  same  Hipiid,  and  the  current  of  a  battery  aeut 
ttirongh  the  xvhide — then  the  circuit  liroken,  and  the  two  outermost  plates 
or  wires  ennnoctcd  by  means  of  a  galvauometer — a  current  in  the  opposite 
direction  to  the  former  parses  through  tho  galvanometer.  This  is  the 
principle  of  Hitter's  CAarffiwf  Pile  or  Secondarif  Pilf,  which  laid  the 
foiiiidjitioii  «f  the  theory  of  secondary  currents,  In  this  itiistrument  a 
number  of  plates,  all  of  the  same  metal,  were  disposed  in  alternate  layers 
with  moistened  pieces  of  paste-board,  and  subjected  to  the  current  of  a 
voltaic  battery.  Faraday  coustriicteii  a  pito  of  this  nature  with  plates  of 
platiiHini  and  pieces  of  paper  saturated  with  yeUow  solution  of  sulphuret 
of  pota.sBiunu  Sir  H.  Davy  con.structed  a  einiiJar  apparatus  of  six  bent 
pieces  of  metal,  the  ends  of  which  dipped  into  six  vessels  containing  solu* 
tion  of  nitre.  With  zinc  tho  secondary  current  was  stronger  than  with 
platinum,  and  its  force  was  generally  greater  as  the  metal  was  more 
oxidnblo  and  the  solution  more  concentrated.  When  water  was  used 
inste.ad  of  solution  of  nitre,  it  was  very  weak.  If  the  six  bent  pieces  of 
metal  coiudst  half  of  copper  and  half  of  zinc,  and  a  battery  of  fifty  pitirs 
acts  on  tho  arrangement,  in  such  a  manner  that  positive  electricity  always 
enters  the  liquid  through  the  cojiper  ends,  the  scconttary  current  is  four 
times  as  strong  as  when  the  positive  electricity  enters  by  the  zinc  ends, — 
because,  by  this  arrangement,  acid  is  collected  round  the  zinc  and  potOEli 
rmiiid  the  copper  (p.  380).  (H.  Davy,  Cofnp,  Marianiui,  Aan^  CAiin, 
Phi/n.  SX,  5.) 

If  an  electric  current  be  couJueted  through  three  decomposing  cells 
filled  with  water,  till  the  polariK.ition  has  attained  its  maximum,  and  tho 
two  electrodes  contiMted  through  the  medium  of  a  galvanoiueter,  after 
the  removal  of  the  battery, — the  deflectiun  amounts  to  15"  when  the  elec- 
trodes and  i>artii5ons  con-sist  nf  platinum,  to  rt''  when  they  are  formed  of 
copper,  and  to  2'.'i°  when  they  are  formed  of  zinc.   (Bull") 

Metals  may  likewise  h&  polarized  in  a,  simple  galvanic  circiui.     Silver 
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placed  for  some  time  in  contact  witt  zinc  in  dilate  snlptaric  add  appear* 
jMMiitiFe   tftwnnls  silver  tir>t    so  treated;   so   likewise  with  golJ.     GuM] 
whJcU  has  been  in  contact  with  lioc  ia  tydrochlorie  aciJ  is  |H>«iliv8J 
towards  lead,  but  bwomcs  negatlre  in  tUirtj  seconds,  a[i<l  even  when  left  ] 
alonu  in  the  add,  aaon  loses  its  positive  chanict<?r.     If  one  end  of  a  cold 
plate  in  contact  with  zinc,  be  dipt^ed  into  A  cuj>  containing  hydfochiorte  i 
acid,  and  the  other  end  in  contact  with  praphite,  into  another  cup  con- 
tjiining  the  same  liqaid,  the  former  end  of  the  gold  is  found  to  be  much       , 
more  strongly  p<3silive  towards  platintim  than  ordinary  gold;  the  other^ 
«nJ  is  negative  towards  jdiitinuin.     The  eanio  pheoomena  are  exhibited  ^M 
by  silver.     The  polarization  of  gold  Is  destroyed  by  expoaare  to  the  air,  ^ 
but   is   retained  for  months   when  the  metal  is  wrapped  up  in  P^P^^* 
Other  metals  exhibit  somewhat  eimilar  properties,  lint  more  feebly  and 
less  definitely. 

Platinum  which  has  remained  in  contact  with  zinc  in  oil  of  vitriol  tilt 
the  maximiim  of  effect  has  been  produced,  afterwards  exhibits  positive  re- 
"  tion  towards  copper,  (Buff.) 

Copper  remaina  bright  in  sea-water  when  connected  with  zinc  by 
means  of  a  platinum  wire.  If  the  platinum  wire  be  cut  tbrongb  nfter 
forty-three  days  (a  few  days  are  not  sufficient),  the  copper,  notwithdtan<!- 
ittg  itfl  eeparattoD  from  tlio  zinc,  remains  bright  for  a  considerable  time, 
twenty  days  at  least;  but  in  frcflh  sea-water  it  woald  be  oxidated — iSO 
likewise  would  a  freah  plate  of  copper  in  the  original  aear-water.  (Yan 
fitek.) 

Charcoal  and  porous  coke  in  contact  with  amalgamated  zinc  in  dilute  ! 
solpbnric  acid,  do  not  eliminate  hydrogen  gaa  but  rather  take  it  up,  and 
thereby  act^ulre  the  power  of  coating  themselves  with  copper  when  im- 
mersed in  a  solution  of  that  metal.  (Smee.) 


Partitions  or  Interposed  Plates. 

When  the  electric  current,  instead  of  passing  through  one  aingle  por- 
tion of  liijuii],  ia  made  to  traverse  eeveral  portions,  connected  by  nietalitc 
plates  or  wires — the  po-called  Partitiotn  or  iTiitrvenintf  Plates — or,  what 
come&  to  the  same  thing,  aeparatcd  by  partitions  into  a  numWr  of  Dccopi' 
ponrifi,  otluttirvrniii^/,  or IMardhi:/  (Jtlls, — thon,  if  the  current  has  sufficient 
tension  to  overcome  the  resistance,  decomposition  takes,  place  in  each  cell. 
Every  surface  of  the  partitions  wliich  is  turned  towards  the  anode  or 
positive  pole,  acts  as  a  cathode  or  negative  pole, — and  the  cations,  such 
as  hydrogen  nr  metals,  arc  liberated  upon  it;  and  every  surface  turned 
towards  the  cathodo  or  negative  pole  acts  as  an  anotlc  or  positive  pole,  on 
which  the  anions,  such  aa  oxygen,  chlorine,  &c.,  are  evolved.  W'heu  the 
tension  of  the  current  is  sufticient  to  overcome  the  increased  resistance, 
the  uuatitity  of  the  priidiu-ts  of  decomposition  obtained  in  each  of  the  in- 
dividual decomposing  cells  is  tho  stime  tm  would  be  yielded  by  a  single 
cell;  and  therefore  the  sum  total  of  the  products  of  decomposition  in- 
creases  iu  direct  proportion  to  the  number  of  decomposing  cells.  But 
with  a  current  of  less  intensity,  the  greater  tho  number  of  cells,  the 
smaller  is  the  amount  of  dectmiposition  produced  In  each:  and  when  the 
number  is  increased  beyond  a  certain  limit,  decomposition  ceases 
altogether,  and  the  electric  current  is  stopped.  If  tho  inten'ening  plates 
consist  of  metala  which  hare  A  strong  tendency  to  attract  oxygen,  cblo- 
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Tine,  and  the  olher  anions  of  tbo  liqUiJ,  this  affinity  fftcllltates  ilie  decom- 
potrition,  anil  renders  it  jiMsible  ovDii  with  currents  of  comparatively  \ovt 
tension.  But  whether  tlic  decomposition  he  strong  or  weak,  iUi  amount 
in  any  one  cell  ia  exactly  the  i?ani«  as>  in  any  other. 

i According  to  the  theory  already  laid  dtiwii  (p.  433),  the  electric 
B  do  not  pass  throngh  the  lifjaid,  but  pomljine  on  entering  it  with  ita 
constituent  elements.  If  the  twy  cups  a,  b  (App.  2)  arc  filled  with  water, 
and  connected  by  the  platlnimi  wire  ffk  i,  the  platinum  wire  o  being  con- 
uected  with  the  positive  iiolo  of  the  battery  dlpping^  into  a  and  the  nega- 
tive wire  p  into  b, — the  positive  electricity  which  issacs  from  the  wire  ^J 
ConddneB  with  oxygen,  and  tlio  nci^'utivo  olectrieity  issuing  from  the  wirti  f 
J)  with  hyJro^'en.  The  latent  electricity  or  caloric  in  the  wire  (fhi  Hi 
resolved  into  negative  eleetricity  which  imitoa  at  j  with  the  hydroged 
there  evolved  by  atomic  transposition,  and  positive  electricity  which  com- 
bines at  i  with  the  oxygen  there  eliminated.  Thu^,  oxygen  gas  is  evolved 
at  o  and  i,  and  hydrogeu  at  y  and  p;  and  moreover,  the  quantity  of  oiygctl 
pafi  in  a  is  exactly  the  eanic  as  that  in  I/,  hecaueo  the  positive  and  nega- 
tive eloctrtcitiea  act  in  equal  proportion; — consequently,  eanal  qnautitiea 
of  water  are  decomposed  id  a  and  b.  For  similar  reasonB,  the  quantity  of 
hydrogen  gae  is  the  same  in  both  cells.  As  with  two  ccllfl,  so  likewise 
with  a  greater  number:  in  ail  cases, the  latent  electricity  of  the  partitiona 
is  dt?oomposed.  For  every  atom  of  oxygen  lihemted  in  the  first  cell  by 
the  positive  electricity  proceeding-  from  the  pole,  an  atom  of  liydrnjjcn 
posses  over  to  the  first  partitifni,  and  there  unites  with  the  corresponding' 
quantity  of  negative  electricity;  so  that  the  nuanttty  of  poeitive  elec- 
tricity transferred  from  the  first  partition  to  the  oxygen  of  the  fiecond 
cell  is  oijual  to  that  which  ps^.scs  from  the  wire  o  to  the  oxygen  of  thtf  j 
first  ct'H,  and  the  number  of  atoms  of  oxygen  set  free  is  the  same  in  both 
places,  Scf..  &e,  The  decomposition  of  caloric  in  the  partitions  might  be 
cx|)ectcd  to  produce  a  fall  of  temperature  in  them;  but  this  effect  h  more 
than  compensated  by  the  development  of  heat  which  accompanies  the  de- 
contpoaition  of  water  (vid.  8fq.),\ 

Quantity  of  the  Pivdadt  af  Decampogt'don. 

In  any  tmo  of  tlie  decomposing  cells,  the  qnautity  of  detonating  gaa 
evolved  is  tho  same  as  in  any  other.     If  the  current  lie  first  passoil  j 
through  a  voltamcttTj  then  divided  into  two  parts,  each  of  which  passes  , 
through  a  acpar.qtc  voltiutieter,  the  last  two  together  j'ield  the   snino  i 
quantity  of  detonating  gas  as  tho  tirst.  (Faraday.) 

If  in  a  battery  of  10(1  pairci,  the  contignons  zinc  and  copper  platfs 
be  scpanttcd  at  tliree  or  four  points,  and  decomposing  cells  filled  with 
water  intcrpo.sed  at  those  points*,  the  quantities  of  detonating  gM  ev(dved 
in  nil  these  celLs  will  be  equat.  (Marianini.) 

Throe  decomposing  cells  being  filled  with  dilute  sulphuric  acid — nft- 
gative  electricity  conducted  into  all  three  by  plalinutii,  but  fMisitivo 
electricity,  on  the  contrary,  into  the  first  by  platinum,  into  the  wcond  by 
co|*per,  and  into  the  third  by  zinc— the  same  iiuantity  of  hydrogen  gaa  la 
evolved  on  thn  platinum  in  all  three  cell*.  At  the  same  time,  a  lurgo 
quantity  of  hydrogen  is  evolved  on  the  ssinc  [liv  jioro  clieniica.1  aetiun], 
and  does  not  iijijM?nr  to  dimfnidi  when  the  ein-nit  is  closed;  tho  coppef 
difsolvfs  without  evolution  of  ga.s.  The  "ame  qtiimtily  of  g!w  is  likewie* 
obtained  in  alt  the  colls  when  they  arc  fiile<t  with  liydrochloric  acid — and 
the  cathodes  are  fonned  of  plattDuni,  the  anodes  of  platiniiin>  silver,  and 
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Etno — excepting  that  the  chloride  of  silver,  which  u  eoDtiflttally  Co 
impedes  the  curreDt  more  &nd  more.  (Farad&^.) 

TenHon  and  Quantity  of  the  Electric  Curveni. 

The  smaller  the  nainbcr  of  pairs  of  plates  of  which  a  battery  cc 
ev^n  wlien  the  platea  are  very  large,  tli&  more  ia  the  quantity 
eurn^nt  diniinished  by  tbe  introduction  of  a  partition  in  the  decomposln 
cetl.  If  the  current  of  a  sLroug  battery  be  weakened  by  the  inteipoditiofil 
of  a  number  of  decompoeliig  cells,  lo  such  a  degree  that  its  action  on  the 
lutMiriictic  needle  does  not  exceed  that  of  a  battery  coneisting  of  fewer 
pairs,  the  current  of  the  latter  will  he  much  more  weakeued  by  the  iatcr- 
positioQ  of  a  single  partition  in  the  liquid  which  it  trarerBes,  than  the 
current  of  the  already  weakened  battery  would  be  by  the  intro<luctton  of 
one  partition  mure.  (De  Itv  lUvc.)  [The  quautitles  of  the  two  currents 
are  equal,  but  their  intenaitics  flifiereiit.] 

A  battery  of  40  pairs,  wliich  when  connected  with  one  voUametetj 
yields  22'&  cubic  inches  of  detonating  gas,  gives  in  the  same  time  whefl 
2  vultauieters  are  used,  21  cub,  in,  in  each,  or  42  ciih.  in.  in  all.     In  tb4 
fiimior  case,  88  4  atoms  of  ainc  are  consumed  in  the  whole  for  each  atom  J 
of  water  decomposed;  in  the  latter,  only  483  atoms.     But  with  a  liatterj)^ 
of  only  20  pairs,  one  voltameter  yields  52  cnb.  in.  of  detoaatittg  gas^ 
with  a  consumption  of  zinc  amounting  to  G4  atoms:  and  with  two  rollft'-i,! 
meter?,  only  14  (J  cub.  in.  are  evolved  in  each,  or  29  2  cub.  in.  in  the  lwa>l 
together,  the  consumption  being  97  atoms  of  zinc  for  every  atom  of  wstcr 
decomposed.  (Faraday.) — 'With  10  pairs  and  three  or  four  decomposing 
cells  contsiining  water  and  connected  by  platinum,  the  current  is  eu  roach 
weakened  that  the  water  id  no  loiiijcr  visibly  decomposed.  (Faraday.) 

If  a  cup-appaiwtus  consisting  of  eight  pairs  of  line  and  copper  in  solatioa 
of  common  salt  produces  a  deviation  of  12^  in  the  electrometer  with  tb« 
assistance  of  the  condenser — .and  if  between  each  two  contiguous  cuj 
there  are  pUiced  ^is  other  cups  filled  with  water  and  connected  by  beni 
copper  wires,  so  that  there  arc  48  tna<*tivo  cups  interposed  between 
active  ones, — the  battery  still  exhibits  a  force  of  12^;  but  on  closing  tb€ 
circuit,  the  current  is  so  feeble  that  it  excites  no  conrulsioDS  in  frogs,  sad  i 
scarcely  decomposes  water;  when  60  inactive  cups  are  interposed,  no 
deconipoaition  takes  place.  (Marianini.)  [The  quantity  ia  sensibly  dimi- 
nished ;  the  intensity  which,  doubtless,  when  the  circuit  is  broken,  do« 
not  attain  its  maximum  till  after  a  consideiuble  time,  remains  the  same.] 

Number  of  the  Decompoiinff  Ctllt. 

The  quantity  of  the  current  decreases  as  the  number  of  decom| 
celts  is  increased;  but  the  first  cell  weakens  the  current  more  titan  tlid 
second,  the  tiecoud  more  than  the  third,  and  so  on,  (Matteucci,  De  \x 
Rive,  Paraday,  Buff.) 

If  the  exciting  cells  contain  ziuc  and  platinum  with  dilut«  snlphnrie 
acid,  and  the  decomposing  cells,  platinum  plates  with  dilute  snlphurio  ' 
acid,  the  following  effects  are  observed,  varying  according  to  the  numbcH 
of  the  exciting  cells  Ij  and  the  decomposing  cells  D : — 1  E  and  4  D :  cur- 
rent very  weak; — 1  E  and   iD:  still  no  perceptible  decomposition  of 
water; — ^E  and  2  U  or  6  E  and  4U:  very  feeble  current,  no  visible^ 
decomposition; — 2E  and  ID:  slight  decomposition,  soon  ceasing;- 
ftnd  2  D  or  6  E  and  3D;  no  visible  deconipoaition; — 5  fi  and  2  D :  slight' 


ELECTROLTS[S:  INTERPOSED  PLATES. 


4<tl 


d«conipo*it)on  ; — 3E  and  I  D:  ileconipositioii; — 6E  ami  2D:  no  visible 
dccympoijilion.  When  a  small  quaunly  of  nitric  acid  is  iiiixcil  with 
the  tlilnte  sulphuric  a.ci(l  of  tlie  ilefoiuposiiig  cells,  the  current  becomes 
etiongef,  because  the  hydrogen  of  the  water  can  then  combine  with  the 
oxygen  of  the  nitric  acid.  Tlio  current  is  likewise  increased  by  the 
addition  nf  a  little  nitric  acid  to  the  liquid  in  the  cjccitiiig  cells,  Ijecaueo 
tfae  tcnsjun  13  thereby  augmented,  and  most  of  all  by  tiie  aildition  of 
nitric  acid  both  in  the  exciting  and  the  decomposing  cells.  The  cnrrent 
18  not  incn-OBcd  by  strenji^hening  the  sulphuric  acid  in  the  two  kinds  of 
eelU.  Hydrociiloric  acid  in  both  cells  produces  a  stronger  current  than 
sulphuric  acid,  but  not  so  strong  aa  iiltro-sulphuric.    (Faraday.) 

If  io  a  battery  of  10  paira  of  platinum  and  anial^'amated  zinc  in 
dilute  eiilpiiuric  acid,  one  of  the  sirm  philes  be  replaced  by  a  platinum 
plate,  and  an  exciting  cell  thereby  converted  into  a  decomposing  cell,  the 
dt'veldpment  of  hydni;jen  gn*i,  and  therefore  also  the  current,  is  reduced 
to  1^  of  itH  former  iinmiint, — and  to  f^  wlicii  two  zinc  plates  are  replaced  by 
pinttnum  plates,  and  therefore  the  circuit  is  made  to  consist  of  eight  e.x- 
citing  and  two  deeompoainp  cells.  In  all  three  caacs,  hawever,  the 
qmintity  of  hydrogen  gas  evolved  \s  the  same  in  all  the  celU.   (Daniell.) 

If  there  be  disposed  one  above  the  other :  a  zinc  plate,  a  piece  of  cloth 
iBoisUiReil  with  water,  copper  1,  wet  cloth,  copper  2,  wet  doth,  copper 
3, — and  the  strength  of  the  current  he  equal  to  1  when  the  zinc  is  coH' 
nsctetl  by  the  galvanometer  with  copper  1, — it  will  bo  reduced  to  ^  on 
oennecting  the  zinc  with  copper  2,  and  to  4  when  the  connection  is  niaJo 
irith  copper  3.  If  a  copper  and  a  zino  plate  be  immersed  in  a  trough 
filled  with  dilute  eulpbiuic  acid,  anil  kept  constantly  at  five  inches  dis- 
tftncej-^then  if  the  deftectinu  =i  3'  when  no  partition  is  interposed,  it  will 
b«  reduced  to  T"  by  the  interposition  of  one  plate  of  lead  between  the 
copper  and  zinc,  to  Oj'  by  two,  to  20'  by  three,  to  Ij'  by  four,  and 
almost  to  uothing  by  five  partitions  of  lead,  (Marianini.) 

The  small  quantity  of  ejectricity  excited  by  one  pair  of  plates  in 
water  paases  throuj^h  four  decunipoaing  cells  containing  nitro-sulphuric 
acid  without  much  diminatlon  ;  but  the  larger  <juautity  excited  by  one 
pair  of  plates  in  dilute  sulphuric  acid  is  proportionally  much  more 
weakcnetl — so  that  when  made  to  traverse  four  decomposing  cells,  it  doe^ 
Dot  exeecd  the  current  excited  by  water.   (Buff.) 

If  the  (]iiantity  of  the  electric  current  is  to  remain  the  same  when 
p«u«8«sd  through  two  decrtmposing  cells  wt  when  passed  through  only  one, 
the  niunber  of  paira  of  plates  muist  be  doubled,  For,  according  to  Ohm's 
formula  (p.  414), 

Q  =      "^ 

r  denoting  the  resistance  of  one  decomposing  cellj  aud  when  the  iiunber 
of  pairs  and  of  decompoaing  cells  is  doubled,  we  have 

2n  A 


Q  = 


2ji  R  +  r  +  r 


fliicU  is  the  eamc  as  the  preceding  formula.     Hence,  each  decomposing 

dU  requires  an  ci^ual  amount  of  penetrating  force.     (Buff,  Poffff,  54,  108.) 

The  quantity  of  the  current  with  a  given  number  of  pairs  and  of 

A 
deoompipsing  cells  may  be  determined  as  followB.    Let  -j-  be  the  observed 

•trength  of  tho  current  of  a  single  pair  metallically  coauecto»l  without  any 
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<lecnmpo»in;ir  <^cl1:  n  tlin  number  of  jiaire;  m  that  nf  Ihe  il 
n  ilitf  ratio  of  the  rcf^ii'taacc  of  r  (lec(>it)|io9i»j;  cell  to  lliat  of  ao  excitoif 
Cell,  whifli  ratio  varies  greatly  accorJiiig  to  the  nature  of  the  li<|aidt 
ployed  in  tlie  exciting^  and  decomposing  cells:  tben  (Buff), 

Q  =    r- ^ 

I*     »    -f*    M*  1 

In  the  following  esperimpnts  pairs  of  zinc  anl  copper,  and  elect 
anil  jwrlitiiiiis  of  copfHT  wcrti  eBipinyecl,  In  eeries  A,  the  liqaidofl 
exciting  cdW,  tuul  likewise  tlmt  in  ttiv  decomposing  cells,  is  water  (in  lliit 
case  a  ^=  1  '33 ;  and  with  water  i>f  the  utmost  degree  of  pnrity,  «  woald 
be  ]  4  witli  partitions  of  copper,  O?  with  partitions  of  linc,  and  2'0  witli 

Sartition^  of  piatinum.) — In  aeries  B,  the  liquid  in  the  exciting  celLs  ia 
ilute  sulphuric  acid,  that  in  tlie 'decuinpoijiujr  cells,  water  (iu  this  cse* 
«  =  0  01). — III  nouet  C,  the  exciting  cells  cnntiiin  water,  and  the  decoio-  , 
posing  cells  dilute  nitric  acid  (in  this  ea'^e  3i=0'0;t,) — e  denotes  ihi 
uumlier  of  exciting  cells, — d  ttiat  of  the  decomposing  cells, — <f  the  Joflee^ 
tit*n  of  Oourjon'8  galvanometer,  which  gives  ihe  ouantity  of  the  currenj 
directly. — 6  the  deflection  calculated  by  the  pieceuiog  formula. 

A. 


Chemical  Nature  6/ th*  Liqtiid  and  of  the  Tntfrpnittd  Platif. 

The  main  source  of  tbo  resistance  exerted  by  the  deconiposiog  cells  ia  j 
this — that  the  liquid  coiitninod  in  them  must  be  deconipoeed;  in  addilioa^ 
to  this,  there  is  also  the  le.He  powerful  reeistancc  arising  from  the  p»!ariJ 
zation  of  tie  intervening  plates,  which  takes  plac«  after  long  coDliuuetO 
action  of  the  current,    (Bufl*,) 

The  more  easily  decouiposible  a  liquid  is  in  its  own  nature,  and  the^ 
greater  the  affinity  of  the  intervening  plates  for  the  ektncnl^  of 
liquid,  the  lesa  is  the  resistance, 

With  IflO  paira  of  plates,  four  decomposing  cells,  and  platinunt  partt.1 
tions,  the  resistance  of  the  decomposing  celts  is  smallest  when  they  con-| 
tHio  concentrated  nitric  acid;  then  follow  in  order:  hydrochloric  acid, 
dilute  sulphuric  acid,  oil  of  vitriol,  saline  solutions,  and  lastly,  aqueont 
solutions  of  annnonia  and  potash,  which  do  not  offer  much  niore  resirt- 
iaoe  than  ealiue  eolutions.  (Be  la  Rive.) 


TO  deeompofting  cella  with  plntinum  partitions  eontela  two  1 
of  nnecjnat  Jocoinposibilitv — «■  ff-,  wnter  and  dituta  etilpfiurir  aciJ — the 
current  passes  through  them  more  easily  when  the  positive  electricity  of 
the  latter  is  eoinluetetl  into  the  liquid  of  least  conducting  power,  i".  e.,  the 
watcrj  and  the  negative  electricity  iuto  the  dilute  acid,  tbau  in  the  coa- 
trary  case.  {Mattencci.) 

The  current  of  a  single  pair  of  zinc  and  copper  in  water  or  dilute 
sulphnric  aciJ,  is  crunpletoly  stopped  by  throe  or  four  decomposing  cells 
■with  copper  partitions,  when  the  decomposing  cells  are  likewise  filled 
with  water  or  dilute  sulphuric  acJd.  But  if  a  qoantity  of  nitric  add  be 
added  t«>  the  latter,  sufficient  to  produce  a  alight  action  upon  the  copper, 
the  current  will  ixni  bp  greatly  weakened,  even  by  o.  coiieiderable  number 
of  decomposing  cells:  the  copper  will  be  most  attncked  at  that  part  from 
which  the  positive  electricity  passes  from  it  to  the  liquid,   (BulT.V 

Tlip  current  of  one  pair  of  tine,  and  platinum  in  dilute  sulphuric  acid 
IS  not  perceptibly  weakened  by  throe  decomposing  cella  containing  dilute 
sulphuric  acid,  when  the  partitions  consist  of  ordinary  sine  phitee;  but 
when  these  plates  are  amalgamated,  a  considerable  diminution  of  power 
ensues.  Partition!?  of  copper  give  free  passage  to  the  current  at  fir^t,  but 
etop  it  completely  after  a  few  minutcH,  probably  liceauae  they  become 
polariied.  On  turning  one  of  these  copper  plates  round,  the  current  ia 
reproJnceJ  for  a  short  time,  (Faraday.) 

If  the  decomposing  cells  contain  dilute  sulphuric  acid,  the  current  ii 
^^Aost  impeded  when  the  electrodes  and  interposed  plates  consist  of  p]*- 
^^Knulti  ;  then  follows  lead,  then  copper,  then  tin,  then  cadmium.  If  a 
^Hbtc  plate  enclosed  between  two  moist  conductors,  ho  placed  between  a 
^^Miir  of  plates  of  a  voltaic  battery,  the  current  is  much  less  weakened  than 
^^t  would  be  by  a  copper  plate  ijitrmliiced  in  a  similar  manner,  (Do  la 
Rive.) — Decomposing  cells  containing  dilute  sulphuric  acid  offer  thei 
greatoel  resistance  to  the  current  when  the  electrodes  consist  of  platinum; 
then  follows  copper,  then  zinc.  If,  on  the  contrary,  the  colls  contain 
ammonia,  copper  and  zinc  produce  the  same  amount  of  resistancs. 


H 


^K  Tolurne  and  Sxtrface  of  the  Liquid. 

^^     If  the  current  of  a  battery  of  100  pairs  be  passed  through  decom- 
posing cells  by  means  of  platinam  plates,  each  of  which  presents  a  square 
tneh  of  surface  to  the  liquid  on  either  side,  the  strength  of  tho  current  is 
the  SBine,  whether  the  partitions  aro  placed  at  the  distance  of  a  foot  or  of 
only  four  lines  from  each  other;   but  when  the  thickness  of  the  inter- 
posed liquid  excee^ls  a  foot,  while  it.^  section  is  only  one  square  inch,  the 
rrrent  diminishes.     Consequently,  the  loss  of  the  current  in  its  passage 
ifoogh  the  liquid  is  almost  as  nothing  [or  in  other  wonls,  the  length  of 
e   portion   of  liquid  throughout    which    atomic  transposition  must  lie 
cflected,  is  almost  without  influence],  and  the  principal  loss  is  sustained 
in  the  passage  of  the  electric  duids  between  the  plates  and  the  liquiil 
[or  iq  the  decomposition  of  the  liquid,  which  must  take  place  if  the  cur- 
rent is  to  pass].  (De  la  Rivo.) — Faniday  likcwi.^e  found  no  difference. 
The  current  parses  more  easily  when  the  partition  is  nearer  to  the 
de  than  when  it  is  nearer  to  the  cathode,  (Matteuccl.) 
Even  when  the  interposed  platinum  plate  is  nearly  a  foot  long  and 
polar  wires  are  only  three  inches  distant  from  it,  gas  is  evolvca  over 
whole  SQrfac«  of  the  platlnnm  plate.     When  the  decomposing  call< 
~  2  I  2 
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are  coniiecteil  hy  winss  instenJ  of  platan,  the  erolntion  of  gwbeeoiBfliJ 

in  consequeuce  of  llio  dimiuiiiLijii  surface.  (Do  la  Riv«,) 

Fartiatlar  Cdiu, 

When  a  scries  of  rapiJly  alternating  currents  is  made  to  psa^ 
means  i>f  the  ciUMniiitator,  from  a  Diinicli'a  cuostant  battt-ry  dimn^h  i' 
ctIU  filletl  wlih  dilute  sulphuric  acij,  the  following  efl'ccts  are  **L6crvt 
varying  according  to  the  nature  of  the  metal  of  which  the  electrodes  aad 
interposed  plate  are  formed: 

With  pUtinum,  the  alternating  current  is  much  less  weakened  tiwa 
a  current  which  passes  constantly  in  the  same  direction  (and  when  Ckrlic's 
magnetodectric  apparatus  is  nsed — >if  40  alternating  currents  follow  one 
another  rapidly  in  a  second,  and  the  platinum  p!at(%  prt'wnt  ai  laigB 
irufface,  a  slight  diminution  takes  place  just  at  first :  hut  when  flic  surface 
in  ooDJequcnce  of  the  formation  of  pulverulent  platinunt,  have  hecoa 
more  Bu^optthle  of  oxidation  and  reduction,  the  current  sufl'ers  no  furthc 
tliininution). — With  copper,  the  alternating  current  exhihil«  nearly  th 
eante  quantity,  and  with  tin  and  cadmium  exactly  the  iiame,  aa  in  tli 
case  of  metallic  connection  without  decomposing  cells;  whereas  the  coB 
*!niiuU8  current,  under  the  same  circumstances,  is  more  or  less  iv     '        \2 
Lead,  which  checks  the  continuous  current  almost  as  much  ae  , 
and  at  the  same  time  becomes  covered,  on  the  Bide  by  which  the  jjuiJiivfll 
electricity  passes  into  the  liijuid,  with  a  white  crust  [^iilphnte  of  IrailtJ^^ 
which  impedes  the  passage  of  the  current,  and  doeti  ': 
Jucod  hy  hydrogen, — offers  nearly  twice  n&  maoh  reed>i 
of  the  alternating  current,   becanee,   by  the  action   of  jsuch  a  curre^; 
it  Wcumes  coated  with  this  white  crust  on  both  sides.     A  similar  whit 
crust  [nitrate  of  lead!]  is  produced  in  nitric  acid  diluted  with  an  eqii 
quantity  of  water. — In  solution  of  sal-amnioniuc,  platinum  weakena  til 
alternating  current  less  than  in  dilute  sulphuric  acid  ;  chloride  of  platiniii 
is  alternately  formed  and  decompo*e<l  by  the  hydrngen.  (De  la  Rive.) 

If  a  cracked  glaes  tube,  closed  at  bottom  and  filled  with  6<^dutIou 
nitrate  of  silver,  be  immersed  in  a  glass  vee^el  filled  M'lth  water,  and  on 
of  the  polar  wires  dipped   into  each  vessel,  electric  action  takes  pi 
through  the  crack,  and  decompojiition  ensues,  though  but  slowly~-«xyg 
gas  being  evnired  at  the  positive  wire  and  on    the  side  of  the   cr 
towards  the  negative  wire  (peroxide  of  silver  being  at  the  same   tin 
deposited  on  the  positive  wire),  and  silver  Wing  rednce^l  on  the  nogatii 
wire  and  on  the  eide  of  the  crack  towards  the  positive  wire  (no  evolutia 
of  hydrogen  takes  place).     The  crack  acta  like  a  solid  conductor,  throng 
which,  on  account  of  its  narrowneES,  the  decompositton  of  the  liquid 
the  tranaferenoe  of  the  liberated  elements  cannot  take  place.  (Grolthu6s, 
Sckm,  28,315.) 

Union  of  Opposed  Batteria. 

[To  the  theory  of  interposed  plates  likewise  belong  the  cases  in  whl 
two  galvanic  batteries  are  connected  together  with  their  plates  in  invor 
order,  en  that  their  currents  act  in  opposition  to  one  another.     In  thS 
armngemeut,  the  exciting  cells  of  each  battery  act  as  decomposing  oel] 
to  the  other.     The  current  of  the  one  battery  has  to  overcome  not  onljl 
the  resistance  which  the  liquid  in  the  cells  of  the  other  battery  offora 
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^^  4ti  4oueiup«s] tion,  but  likewise  tUe  resistance  arising  from  the  affinity  of 
the  cleclro-positivo  metal  of  the  eecond  battery  for  the  anionti  of  iba 
li({uid.  tJulees  therefore  the  intensity  of  one  of  the  currents  far  exceeds 
tliat  of  the  other,  little  or  no  electric  force  uppears  to  result  from  such 
combinations.  In  every  casSj  it  is  not  the  cjuantity  hut  the  intensity  of 
the  individual  currents  that  determines  the  result.] 

When  a  battery  of  four  pairs  of  zinc  and  copper  in  aalfc  water,  which 
by  itaetf  produccfl  a  deflection  of  30°j  is  oppositely  connected  with  a  bat- 
tery of  ftftir  line  and  topjier  pairs  jn  water,  which  gives  a  deflection  of 
only  6",  the  deflection  is  reduced  to  nothing.  (Murianini.)  [The  salt 
water  increases  the  quantity,  but  not  llio  intonaity  of  the  current;  hence 
the  result.] 

If  five  line  and  copper  pairs  A  in  oella  are  oppositely  connected  with 
fire  other  pairs  B,  no  currcut  shows  itself,  even  thungh  the  plates  in  A 
are  immersed  in  spring  water  a'lx  times  as  deep  as  those  in  B.  If  hydro- 
chloric acid  bo  then  added  to  the  water  in  A,  no  current  is  at  first  apparent; 
Hut  after  a  time,  a  current  is  produced  and  gnwluallj  incroasea  till  it  pro- 
duces a  deflection  of  0-45%  its  direction  indicatinn;  that  the  pairs  in  B 
which  are  immereed  in  only  a  email  quantity  of  water,  are  more  than  a 
match  for  the  pairs  in  A.  altlioiie:h  the  five  pairs  A  in  water  acidulated 
with  liydrnchloric  acid,  produce  l>y  themselves  a  deflection  of  44  7",  and 
the  five  pairs  fl  in  spring  wsiter,  a  ilcflection  of  only  r*'.     (Fechner.) 

If  two  batteries  of  equal  numbers  of  plat?a,  A  Bine  and  copper,  B 
tine  and  tin,  are  oppofljtely  connected — spring  water  being  used  in  both, 
A  is  found  to  have  the  advantage:  the  current  even  Ueoomos  stronger  the 
higher  the  cells  in  B  arc  filled  with  water,  a  still  further  increase  taking 
place  whefi  hydrochloric  acid  is  added  to  the  water  in  the  cells  B. 
(Fechner.)  [The  tension  of  zluo  and  copper  escecda  that  of  zinc  and 
tin;  the  cells  B  arc  therefore  decompo.'iing  cells.] 

Two  series  of  cupa  A  and  B,  each  coneistiiig  of  five  equal  pairs  of 

line  and  copper,  are  oppositely  connected.      If  the  cups  in  A  and  B  are 

filled  witli  spring-  water,  a  slight  deflection  is  at  first  produced,  bui,  soon 

oea«ne.     On  witlidrawing  a  pair  from  one  series,  the  needle  deviates  20% 

bat  soon  returns  to  0'  [in  consequence  of  polarization ']  if  the  circuii  be 

kept  closed.     The  number  of  pairs  in  A  and  B   being  still   five,  hnt  the 

water  in  A  being  mixed  with  ^^  of  oil  of  vitriol,  A  shows  a  ]ire|»on. 

donince  of   180% — but  this    is  soon  reduced  to  nothing  if  the   circuit 

^     remain  closed.    If  a  pair  be  then  withdrawn  from  npiaratus  B,  atul  aj»ain 

B     immersed,  a  deflection  of  5Q°  [from  cessation  of  polarization'-t]  is  prodticeil 

^    in   favour  of  apiiaratuti  A  (snmctiuics  no  deflection  takes  place).     Kven 

the  mere  raising  and  ainking  of  a  pair  of  plutee  in  B  is  enfliciont  to  pro- 

Idueo  this  ofFert,  thougb  in  a  lose  degree;  but  the  current  always  ccaxes 
after  n  time,  when  tlic  circuit  is  kept  closed.  If  the  cells  of  B  contain 
apring  water,  ami  tltosc  of  A  contain  water  mixed  with  ^^^  oil  of  vitriol, 
ft  deviation  of  .nc^  is  produced  nt  the  moment  of  closing  the  circuit,  hnt  it 
IB  goon  reduced  to  nothing,  ^^'ith  1  J  or  2  parts  of  oil  of  vitriol  to  100  of 
water  in  A,  no  deflt-ction^is  prmluced.  With  2  J  oil  of  vitriol  iu  A,  a  slight 
deflection  is  produced  in  favour  of  B,  If,  however,  in  this  eiperiment 
tho  water  of  thu  cells  B  be  renewed,  a  deflection  of  90'  in  favour  of  A  ia 
produced  on  closing  the  circuit;,  but  it  sinks  to  0  after  a  iinnute.  Like- 
wise when  from  3  lo  20  p:irts  of  oil  of  vitriol  are  mixed  with  100  {>;irt» 
of  water  iu  A,  there  is  eometitncs  no  current,  sometimca  a  feeble  <mo 
which  «oon  ceases,  tho  direction  being  sometimes  in  favoor  of  the  a-cid 
c«Uei,  aoinetimca  of  the  water  cells. — If  the  five  celb  of  B  contain  spring* 
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walef,  tlioso  of  A  100  parte  of  water  with  10  of  hydroohloric  tieid,  d« 
eurreot  ia  apftaront.  Wlien  the  b ydrni'tiluric  actd  luuuiutte  to  15  parU, 
tho  deflection  i«  first  0",  then  40*  hi  favour  of  B,  then  0",  and  then  «gun 
a  detlcctioa  takee  place  in  favour  of  tho  water  celU:  them  altematioos  u» 
several  limes  repeated.  With  20  or  25  parte  of  hydrochloric  acid,  tb«n 
IS  &  deflection  in  favour  of  B,  continuing  for  some  timej  with  30  parts  al 
Hcid,  a,  atill  stronger  deflection  in  tho  eame  direction;  but  in  a  second 
e^cperiment  ratu-le  in  the  s&ma  manneir,  no  current  was  apparent- — If  the 
cylls  of  B  contain  spring  water,  and  those  of  A  a  inixtoro  of  100  pnru  o£^ 
water  with  from  5  to  20  parts  of  nitric  acid,  no  current  ia  apparent;  inrit 
25  piirts  of  nitrics  a^id,  a  long  c<mtinaed  curnL^nt  of  ^0"  in  favour  of  tfae^ 
water  culls;  with  30  parta  of  acid,  the  same  current  but  wesiker. — Ii 
most  of  these  experiment's,  the  plate»  of  B  may  he  replai.ied  by  plntinnm 
wires  as  soon  as  the  cmrems  liave  beooree  equal;  the  tiirreut,  whivh  iiuiy 
perhaps  appear  at  the  beginning,  soon  oeaeee.  It  appears,  then,  that 
the  deiSection  ia  sometimes  in  favonr  of  the  acid  cella,  sotnetimr-*  of  the 
water  cells — a  cirenmstance  which  probably  anBcs  from  flight  altcratiotia 
in  the  eujface  of  the  plates — eince,  when  the  number  of  pair«  is  the  earns, 
the  currents  produced  by  acid  and  water  have  the  same  intoiiaity. 
(Sch&nbcin.) 

When  the  liquid  is  dilute  eulpburic  acid,  six  paira  of  Eino  anil  copper 
are  about  equal  in  power  to  nine  pairs  of  ainc  and  iron.     (Poggeodo^} 

Imper/ed  PartUiont. 

When  a  partition  divides  a  watery  liquid  imperfectlj,  leu  ga^ 
evolved  on  ita  two  surfaces  than  upon  the  two  electrodos,^ — because  i 
tion  of  the  current,  instead  of  first  i^as-siog  into  the  partition,  goe^  round 
it  through  the  liquid  from  one  electrode  to  tho  other. — When  the  two 
ends  of  the  ga^vanomelcr  are  immersed  in  the  liquid  on  which  the  electrio 
current  is  acting,  a  current  is  produced  in  the  liquid  itself.  This  current 
ia  strongeat  when  the  eudj  of  the  galvanometer  are  sitaat4>d  in  the  straight 
line  between  the  electrodes,  and  stronger  when  they  are  nearer  to  one 
electrode  or  the  other,  than  when  they  are  more  in  the  middle  of  the  liquid. 
But  the  current  in  the  galvanometer  likewise  showa  itself  when  tho  two 
ends  arc  imnnsrued  at  a  considerable  dtstauco  from  the  straight  line 
between  the  two  electrodes, — almoe^t  throughout  the  whole  liquid,  if  it  be 
two  feet  in  diameter — and  at  a  greater  distance  from  the  straight  line 
between  the  two  electrodes,  in  proportion  as  the  liquid  is  a  lew  perfect 
conductor.     (De  la  Rive.) 

[The  transposition  of  atoms  in  the  liquid  proceeds  partly  from  onOj 
electrode  to  the  other  round  the  inqjcrfect  partition,  whether  it  lie  a  plat 
or  a  wire;  and  partly  from  the  two  electrodes  to  the  partition  itsell 
whose  latent  electricity  it  decompo«ea<  causing  various  produci^i  of  de 
compositian  to  make  their  appearand  on  its  surface.     When  the  ends 
the  galvanometer  are  immcrseilj  the   latent   electricity  in   the  wire   u 
decomposed,  and  produces  a  current.     Tho  leas  easily  the  liquid  conducts, 
tho  greater  a]jpearg  to  be  the  dietanco  between  the  lines  in  the  direction 
of  which  the  transpoeitioo  of  atoms  may  take  place.] 


Movements  of  Mercury  in  the  circuit  of  the  Voltaic  Battery. 

When  mercury  is  put  into  a  0-tube  half  an  inch  wide,  in  quaatit} 
sufficient  nearly  to  fill  it — water  poured  on  the  surface  of  the  otetcuiy  ia^ 
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both  arms — and  the  golden  polar  wire?  of  »  voltaic  battery  dlpjietl  into 
tho  water, — the  at)rf»cp  of  tbe  mercury  nearest  the  negative  pole  hecouiee 
covereJ  with  oxide,  ami  renuiitis  tranquil;  but  the  surfu.ce  connected  with 
the  pciaitire  polo  evolves  liydrogon  giia  imd  produces  iv  distuHiancc  in  th» 
watiT,  so  thftt  light  powders,  such  tis  sawdust,  or  ematl  liimJniy  of  niicii, 
inorp  up  auJ  d"nvn  in  it,  \d  first  to  tho  hoiglt  of  an  inch,  iiftcrwartla  to 
that  of  a  liue, — foruiing  a,  circul.ir  ion&  when  the  positive  artn  is  pl!i»;L»d 
upright,  and  wheu  it  is  placed  in  »  idanting  position,  collecting  on  tho 
op^fjsile  if'uh  and  rot;aing  on  tiicir  axes  in  the  midst  of  tlio  water. — If 
th«  positive  wiro  be  intulc  to  toiicli  the  mercury,  the  powder  iuiniedisilely 
moves  towarda  tlip  puint  of  conLic-t,  and  attaehe*  il.solf  to  tlio  wire;  if 
the  wiro  l)0  aepariifed  from  tin?  mercury,  the  powder  llioa  towards  tho 
idee  of  the  tiiho  and  rcsumea  its  former  motion. — If,  while  the  two  polar 
aro  iiumtTscd  in  tho  water,  a  third  wire  not  t-onuectod  with  the 

itlerv  he  di]»peJ  into  tho  water  of  the  positive  arm,  it  piit:hee  the  parti- 
cles of  the  powder  iisidc,  and  niodiSfs  ihcir  motion,  which  ceases  ontirely 

ifioon  as  the  third  wire  ia  bioujjht  into  cont<ict  with  the  mercury.  (Ger» 

Jin,  Ann.  Chim,  41,  lUU;  aUo  GUI/.  1 1,  340.) 
The  same  crperiment  with  a,  U*t«bo,  aquarter  of  an  inch  diameter,  the 
coltimna  of  water  and  mercury  being  two  inches  high: — The  mercury  iu 
tho  nesfiitive  arm  W^comes  covered  with  oxide  a-nd  remains  truiii|iiil;  that 
in  the  jKisitive  arm  rises,  whilst  the  water  intjinuates  iL-ielf  by  wuddeu  (<tarta 
cnntinituliy  deeper  and  deeper  between  tho  mercury  and  the  sides  of  th« 
tubis  and  then  niounta  up  stgain.  Powder  introduced  into  the  w^ater  of 
the  positive  arm  moves  in  vortices,  the  motion  increadiug  as  the  water  i 
einkd  to  a  greater  depth  between  the  mercury  and  tho  aiirlacs  of  the  glaaa. 
When  the  circuit  is  interrupted,  tho  mercury  sinka  to  its  former  level  and 
a^'niu  cornea  iu  contact  with  tlio  slde.M  ef  the  tube.  If  the  tube  be  smeared 
iDteniiitly  with  fat  or  lycopodiutn,  the  water  dooB  not  eink  between  the 
inercury  and  the  glass,  and  no  motion  is  ajiparont.  !f  the  positive  wiro 
be  phirod  at  the  edge  of  the  tube  at  a  dtsiance  of  only  a  quarter  of  a  lino 
from  the  mercury,  that  liquid  rises  up  on  it  and  leavoa  it  again,  atid 
thun  gives  ri«e  tu  continued  oscillations  tn  imlh  arma.     (Krnian.} 

If  a  globule  of  mercury  two  or  three  lioes  in  diameter,  lie  covered 
with  a  small  quantity  of  water,  and  the  two  polar  wire*  dip[ied  into  tho 
luttt^r,  in  such  a  manner  that  the  positive  wire  may  he  wiihin  a  short  dis- 
tance of  tlie  mercury,  that  liquid  extends  itaeif  out  in  a  line  till  it  toochea 
tho  positive  wire — then  starts  t|Utckly  biwjk  and  becomes  rounded  on  tho 
mirfiico — then  extends  itself  in  the  direction  at  right  angles  to  that  of  tho 
fonuer  extension — again  becomes  round — then  again  oxtcmlod— 'and  at 
leui^th  conies  in  contact  with  the  wire,  &c.  &e.      These  motions  laksi 

[daco  6o  rapidly  that  nothing  is  seen  but  a  shining  star,  and  go  on  uM 
orip  as  the  current  continues.  When  tho  negative,  instead  of  the  ptisitivB 
wire  is  brought  near  the  mercury,  no  motion  ensues,  because  the  mercury 
bec«»mc»  covered  with  oxide,     (flcllwig  i  Erma-M,  /*o'/^-  32,  28ft,) 

If  mercury  bo  covered  with  a  thin  film  of  water,  and  tho  lower  sur* , 
face  (it  a  round  plato  of  iron  placed  in  contact  with  the  witter,  «o  as  ta| 
Ihere  to  it,  the  plato  being  auapeuded  from  one  arm  of  a  balance,  while 
b«  other  arm  is  loaded  with  a  counterjwise  just  sufficient  to  cause  the 
Mtrr  to  rijie  in  a  cylinder  under  the  plate — and  tho  mercury  bo  theii 
cinmccttHl  with  the  noyative  polo  of  a  battery  of  100  |jairs,  and  the  mm 
phu?  with  the  positive  polo,- — tho  water  which  has  Iteen  elevated  in  th« 
cylinder  epreada  itself  with  a  jerk  over  the  whole  surface  of  the  meretiry, 
aad  pulla  the  pl&t«  dowo  with  it;  but  Ihe  plato  Imniediately  riaea  Again  to 
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nearly  tlie  same  height  as  licfore.  The  water  then  moveo  continnallj  to 
and  fro  in  the  dirwtion  «»f  the  nulll  of  the  iron  jtlato,  the  mercury  st  tho 
same  time  acquiring  a  slight  motirsuj  which  is  comimiiiicated  to  tbo 
balance.  On  lurOaking  the  cirfuil,  (he  wjiter  returns  so  quickly  under  tbo 
iron  plate  that  the  latter  18  looseneJ  from  it. — If,  on  the  contraryj  the 
mercury  Is  coDnected  with  the  positive  pole,  the  jerk  and  the  diffusion  of 
the  water  are  much  Ichs  conapicuoua;  the  water  does  pot  tnqTe,  tbe  mer- 
cury becomes  covered  with  a  film  of  oside,  and  no  sadden  eeparation 
take*  place  on  breaking  the  circuit.     (Ermau.) 

If  the  negative  wire  he  made  to  dip  into  mercury  covered  with  a  small 
qaatitity  of  water,  and  tho  positive  wire  into  the  water  above  it  near  llw 
aide  of  the  difih,  the  mercury  rises,  at  the  moment  of  closing  the  circuit, 
to  the  heig-ht  of  three-quarters  of  a  line  under  the  positive  wire,  the  waif*r 
at  the  same  time  sinkiuf:  to  an  equal  depth.  This  state  <jf  things  dimi- 
nishes a  little  while  the  circuit  remainis  closedj  and  suddenly  jiasscs  into 
th«  orixina)  stale  as  soon  a.s  the  circuit  Is  broken.     (Krman.) 

A  drop  of  water  inta  which  the  positive  wire  dips,  placed  npon  mer- 
cury into  which  the  negative  wire  dipa,  flattens  iteelf  out  forcibly  every  i 
tame  the  circuit  i3  closed,  and  spreads  itself  over  the  surface  of  the  mer-  i 
cury.     On  throwing  any  fine  powder  into  the  water,  oscillating  currents  i 
are  observed  proceeding  from  the  positive  wire  to  the  circumference,  aiwl 
thence  ajraiu  to  the  positive  wire.     If  the  positive  wire  touches  merely 
the  liij»he.*t  point  of  the  drop  of  water,  the  mercury  acquires  a  continncd 
oscillation,  and  tho  water  is  thrown  up  and  down  with  great  violence, 
spurting  half  an  inch  high  up  tho  wire;  at  the  same  time  it  expands  and  I 
contracts  with  equal  vtolcuee  in  the  horizontal  direction.      When  tho] 
negative  wire  dipa  into  the  water,  and  the  positive  wire  into  the  mercury, 
the  latter  fluid  becomes  covered  with  a  film  of  oxide  which  interferes  with 
the  motion;  the  drop  of  water,  however,  flalton?  itaelf  out  in  the  samo 
manner,  but  does  not  contract  again  when  the  circuit  is  unctused-     Oil  <rf  I 
vitriol,  which,  in  consequence  of  stronger  adhesion,  epreads  it'Self  over  I 
the  whob  surface  of  tho  mercury,  collects  rapidly  round  the  wire  when 
the  ciruit  is  closed  (the  wire  not  touchin^K:  the  mercury),  and  a^in  spreads] 
iUelf  over  tho  surface  of  the  mercury  when  the  circuit  ia  interrupted. 
(Erman.) 

If  a  column  of  mercury  three  or  four  lines  in  length,  be  drawn  op' 
into  the  middle  of  a  gl.iss  tube  half  a  line  in  diameter,  the  tube  filled  on 
the  right  and  left  of  iIjo  mercury  with  water,  and  the  polar  wires  made  to     j. 
dip  into  the  water,  the  odurun  of  mercury  becomes  elongated,  the  water  ^fl 
Insinuating  itself  between  it  and  the  side   of  the  tube:  on  unclosing  tho  ^| 
circuit,  the  water  is  again  suddenly  projected  from  tiic  tube.     When  the 
circuit  ia  closed  for  a  lonirer  time,  the  extremity  of  the  mercurial  colatnn 
next  to  the  negative  pnle  becomes  covered   with  a  film  of  oxide,  which 
breaks  after  a  few  mmutes,  and  iihriiikg  up,  the  mercury  approaching  Iho 
pole  by  about  half  a  Uuej  then  a  new  film  of  oxide  la  formed,  and  broken, 
and  tlie  mercury  again  moves  towards  the  negative  polc^-and  eo  on. 
Tho   oiide  remains  attached    to  the   tube.     With    machine-electricity,  j 
nothing  of  the  kind  takes  place.     (Ermnn.) 

If  oil  of  vitriol  be  poured  upon  mercnry  in  a  basin  four  or  five  Inchca 
in  diameter,  and  the  pflJar  wires  dipj>ed  only  into  the  acid  on  two  oppw-  j 
eitc  sides  of  the  b:uin,  all  tlje  liquid  at  the  positive  pole  is  pressed  back- 
Wards  and  heaped  up  at  some  distance  from  it — forming  a  dam,  from  the 
middle  of  which  two  currents  proceed  towards   the  positive  ]>o!o,  and  I 
tlienoo  right  and  left  along  the  sides  of  the  basin  towards  the  dam  at  thai 
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negative  pole.  The  motion  goes  on  for  n  (jaarter  of  an  hour,  til]  suljihitr  is 
prGci})]tuted  and  siccuiiioliites  in  tlie  dam.  Siuiilar  motions  arc  pxJiiltited 
hj  aqueouB  eolution  of  carbonate  of  potash.  (Erman,  Giib.  32,  261  j 
graphic  representations  of  tbe  currents  lire  given,) 

If  mercury  purified  by  diBliUation  and  agitation  with  nitric  acid,  be 
placed  iu  a  Wedgcwood  basin,  and  covered  to  the  depth  of  a  quarter  of 
an  inch  with  oil  of  vitriol,  and  the  polaJ-  wires  of  a,  battery  Jipjied  at 
opposite  points  into  the  oil  of  vitriol,  but  not  into  the  mercyry,  a  qnick 
circular  motion  tiikes  place  in  tlie  oil  of  vitriol,  being  caused  by  a  strong 
current  flowing  from  the  negative  wire,  througb  tbe  mercury,  to  the  poei- 
tive  wire,  and  continuing  as  long  ns  the  circuit  n'nmins  closed.     The 
mercury  remains  bright,  and  the  qnantitiea  of  acid  decomposed  and  mer- 
cury disBolved,  are  but  small,     A  mnas  of  mercury  weighing  from  400 
to  500  grains,  stretches  itself  out  towards  tbe  nejjativo  wire,  and  if  tho 
wiro  ia  not  too  far  off,  reachea  and  auuilgamates  it.     A  smaller  quantity 
niovea   with  violence    toward.?   tbe    negative    wire,    and    attaches    Itaelf 
thereto. — Even  when  the  film  of  oil  of  vitriol  is  very  thin,  the  motion 
Btill  takes  place,  and  the  film  becomes  sufficiently  thtu  to  exhibit  ejiJeiidid 
prismatic  colours. — In  all  tiieee  cases,  the  motion  of  the  oil  of  vitriol  pro- 
ceeds from  that  of  tho  mercury;  the  particles  of  the  former  which  touch 
the  mercury  ore  rapidly  carried  along  its  surface,  and  draw  tho  more 
dlatunt  particles  after  them.     This  motion  of  tlio  mercury  consists  in  a 
f»atiuued  radiation  of  the  euperiicial  particles  from  the  point  which  is 
aoareet  to  the  negutive  wire,  tbe  particles  being  carried  along  the  surface 
~  t  the  ptiaitive  wire,  and  returning  along  tbe  axis.     The  resistance  which 
lie  bottom  of  the  vessel  offers  by  friction  and  adhesion  to  the  motion  of 
the  liquid  from  tbe  ncgiitivc  to  the  positive  wire,  causes  the  approach  of 
tbe  globule  to  tbe  negative  wire.     In  a  smooth  glass  dish,  therefore,  a 
ma^s  of  mercury  shows  scarcely  any  inclination  to  approach  tho  negaiivo 
wire,  although  the  currents  are  equally  strong;  on  the  other  hand,  tole- 
rably large  globules  of  mercury  may  bo  kept  on  a  dull  grouud-ghiss  plate 
inclined  towards  the  positive  wire,  without  running  off.^Wben  the  mer^ 
cury  is  covered  with  a  tilm  of  oxide,  the  motion  takes  place  under  thia 
film,  and  leaver  tbe  watery  liquid  at  rest:  but  it  may  bo  detected  by  tha 
formation  of  ridges,  which  often  become  very  long,  taking  tbe  direction 
of  the  polar  wire  and  following  all  its  motions.     In  other  cases,  when 
the  film  i)f  oxide  is  very  thick,  the  mercury  fluttena  itself  more  and  more, 
and  the  superficial  current  goes  from  the  circnmfcrenco  to  tbe  centre — 
tho/intcnnil  ctin-cut,  from  the  centre  in  all  directionsi  to  tbe  circnnifcronce. 
The  motion  is  strongest  along  tho  straight  line  between  the  two  wires — 
but  is  perceptible,  though  in  a  slighter  dt'gree,  at  a  considerable  distance 
from  that  line.     This  becomes  evident,  when  a  few  dropa  of  mercury  are 
wtuatiMl  at  the  bottom  of  the  oil  of  vitriol,  those  beyond  the  line  joining 
tho  wires  being  agitated  aa  well  as  those  on  the  lino. — Tbe  rapidity  of  tho 
motion  Beems  to  depend  upon  the  quantity  of  the  cnrrent.     Nevertheless, 
the  current  of  a  battery  of  ten  thin  zinc  and  copper  wires  in  dilute  uitri© 
acid,  is  eulticicnt  to  give  motion  to  mercury  under  oil  of  vitriol.     Tboq 
motion  is  even  excited  by  the  current  which  is  proJuced,  when  ^^''^'j  tbo 
extreme  points  of  a  pair  of  zinc  and  copper  wires  are  di}q»ed  into  diluto 
nitric  acid,  with  which  a  glass  is  wetted;  in  tliatcaae,  however,  the  polar 
wires  must  be  plunged  into  two  deep  Ij.tths  of  mercury  at  the  bottotn  ol 
the  oil  of  vitriol,  and  placed  right  and  left  of  tho  globule  of  mercorj-  to 
be  moved — eo  that  a  large  stirface  may  b«  offered  for  the  passage  of  tho 
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eleotricity.    Tlie  ap{)roaeh  of  airong  magueta  ha»  tto  eSiMt  oa  Ik* 
(Herscbfl.) 

If  twu  drops  of  a  iratery  liquid  be  placed  «ep«r«t«  from  nnt,  snMlwr 
on  the  eurfiice  of  mercury,  anU  tue  polar  wires  tlipptnl  Inlo  t  t  b 

mutt  UilSciilt  to  tnaflOin^o  vith  oil  of  ritriol  tUau  with  uthiv  -    oa 

aeooitak  of  ita  ftrpng  adhesion  to  tho  mercury),  tli«  niotiuo  it>  coa(ia«d  to 
tlie  porlioas  of  mercury  coverutl  with  the  liquid,  but  takfis  plnM  h 
■  auail&r  luauuer.  (Herachel.) 

Mercury  likewise  sliowd  currenta  nnJer  other  aciUa,  tiie  motloa  ttmwf 
more  raptJ  ua  tho  aaid  iii  atrouj^'or  and  moro  cunooDtrated  ;  they  Ulc^wiM 
ndiate  &i>tu  tht  puint  Dearo«t  to  the  negative  wiro.  The  name  eometi 
are  obMffVtd  io  aaliue  eoliitions,  hut  w(»k«r  as  the  hu«o  of  tlb«  iall  a 
•(Tongvr:  beace  ibey  »t»  weakest  under  Kjvlta  wf  potctxh,  BlrniiL-cr  unikr 
mdia  of  aminuiiia,  auda,  baryta,  Atrontia,  aiitl  limo;  still  sn  liw 

jialts  of  uitipicsia,  alumina,  and  the  heary  mcrala.     Inaqoi'L-.,  „  .  ^uam 
of  tlif' alkalis,  mercury  remains  qui^t,  provided  it  W  not  tottrbed  by  eitbtr 
of  the  {Hilar  wirea.  (vid,  «»/.) — lu  solutions  of  oitratoa,  twsidM  tb<i  oaiTfM  ^ 
proce€(liuf{  from  the  ueg&live  wire,  another  currtmt  ii  oljserved  proceed-  H 
lug  frum  tho  i>o$itire  wire,  aiid  in  often  atrungor  than  the  former.     &»•  fl 
ttreen  tlicso  two   op})osite  currents  a    zoue  of  equilibrutn  i«  oboerveii,  ^t 
eometitnoH  near^^r  tu  ihis  poaitivc,  HOtnetitiiea  to  the  nvgiitire  witv,     Thi>  ^ 
poaitiro  countcr>curreiit  may  likewise  be  obtained  in  mo9t  irthcr  watenr 
I)qttid»— or  at  least  an  indication  of  it— ^wlien  the  quantity  of  ttiercary  u 
ooiiud«rahlt>,  the  saliitioo  dilute,  the  negative  wire  at  some  di«tanoe  from 
the  mercury,  and  the  positive  wire  cWe  to  it.     If  one  polar  wire  tnarhw 
the  mercury,  a  current  proceeds  oaly  from  the  other— and  tliie  currtfut  b 
stronger  tliaa  iu  tho  fonuer  ciisoe.  (Hersctiel.) 

When  the  poaltive  wire  dips  into  tho  watery  liquid  and  the  negatJvfl 
wire  toto  the  mercury,  the  latter  becoitieii  amaigamtttod,  tlie  nierrury 
remains  bright,  and  its  currcots  are  vifiihle  to  the  nuked  eyo,  If  im  tim 
contrary,  the  poeitirtt  wir«  toaohes  the  mercury,  it  oxidat-  kly 

that  the  ctLrrents  cannot  be  aecn;  but  a  sudden  ngitatioti,  pr<>  M^m 

the  side  at  which  the  negative  wire  19  plaetwi,  followed  by  flaltciiiiig  of  the 
globule  and  tho  fonuutioa  of  protuberances,  dhowa  tho  existence  nf 
currents  under  the  film  of  Qx.ide.  The  utirroiils  likewise  becume  vioihle 
wbcn  the  coat  of  vs.iiG  in  removed  by  a  few  drujui  of  nitric  acid,  (Her- 
■ebel.) 

JStxperimenta  leith  a  gUMuh  of  merenr)/,  tvfitfhinff  400  grain*,  ftlaeed 
nndef  Mohition  ofm'pkaU  of  soda.  If  tbo  two  polar  wires  merely  touoh 
the  solution,  a  current  pruoeed*  from  the  negative  wire  only.  If  this  wire 
be  placed  merely  for  an  instaot  in  contact  with  tiie  mercury  (whereby  a 
trace  of  sodium  i&  separated  and  combittt'«  with  the  mercury),  and  both 
polar  wires  bo  then  immeri^d  in  the  soluti^in  onl^r,  the  negative  cnrrent 
will  be  accoinpoinied  by  a  {lOMtive  couutrr-curnent  of  Hmuller  extent  but 
greater  velocity.  Between  thctte  two  currents,  a  wall  of  liquid  \a  raiaod  in 
the  direction  of  which  oxide  of  mercury  is  continually  driven  from  tho 
negative  wire,  and  dieappears  a^iu  as  faet  as  it  is  farmed  on  the  side  wf 
the  wall  next  to  the  jKwitive  wire.  The  positive  counter-eurrBnt  is 
probably  caused  by  the  ropuliiioti  of  the  etectro-poEitive  sodium  by  the 
positive  electricity. — If  the  UL'gattvo  wire  be  left  fur  some  time  iu  otaet 
with  the  mercury,  and  then  ueparatetl  from  it,  the  lugalive  current 
becomes  much  l&a,  and  the  poaitire  much  more  extended,  VVhoii  the 
negative  wire  is  left  f<>r  a  etilJ  louger  time  in  contact  with  the  tamvatf. 
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Aod  then  both  wires  made  to  dip  into  the  solution  without  touching  the 
mercury,  the  negative  cnrretit  ceases  altogetlier,  and  there  remains  only  a 
regiikr  circular  nioiion  tbronghout  the  whole  globule,  from  the  »tcle  of  the 
positive  to  that  of  the  negaUve  wire. — After  a  still  longer  contact  of  the 
Degative  wire  with  the  mercury  (whereby  the  mercury  becomes  more 
etrongly  chargotl  with  sodium),  if  the  two  wires  are  immersed  in  the  gelation 
only,  particles  of  mercury  rjwliato  from  all  points  towards  that  part  of  the 
mercury  which  ia  nearest  to  the  negative  wire — the  foree  with  which  they 
are  drawn  towards  this  wire  appearing  to  be  greater  than  that  with  which 
they  arc  rejK>llod  from  the  potitivo  wire.  If  the  distance  between  thd 
positive  wire  and  the  mercury  be  then  iuereased  by  the  smallest  po^siblo 
quantity,  and  the  negative  wire  brought  eh>ae  to  the  mercury  (but  without 
tnurliing  it),  a  Him  in  the  form  of  a  circular  spot  is  formed  ininicdititely 
under  the  latter,  and  follows  tbe  motions  of  the  mercury.  When  this  film 
IB  removed,  the  mercury  in  driven  with  violence  against  tbe  wire,  eometimeti 
sjtringing  up  to  the  boigbt  of  0'2  or  03  of  an  inch. — When  a  Hiuall  (quantity 
of  Bodium  i»  added  to  pure  uxercnry,  the  mercury,  even  though  not  touched 
by  the  negative  wire,  exhibits  the  po.ijitive  counter-current, — ^and  this  cur- 
rent ia  stronger,  the  greater  the  quantity  of  sodium  added. — When  mercury 
Atnalgamatcd  with  sodiuiu,  either  by  contact  with  the  negative  wire,  as 
above  described,  or  by  direct  addition  of  the  sodium,  is  kept  for  some  tlmn 
in  the  current  (the  wires  dipping  iato  the  eviution),  it  parts  with  itseodium, 
and  recovers  its  former  property  of  exhibiting  the  negative  current  only. 
If  the  mercury  which  ha«  b(<eu  in  contact  with  the  negative  wire,  bo 
connected  with  the  positive  wire,  wbiliit  the  negative  wire  is  made  to  dip 
only  into  the  solution,  rapid  currents  are  at  first  produced,  proceeding  only 
from  the  positive  towards  the  negative  wire.  Gradually  however  «ur^ 
rents  also  ariee,  proceeding  from  the  negative  wire,  and  extend  themeelvea 
by  degree*,  till  the  zone  of  etjuilibrium  jeaobes  that  part  of  tbe  mercury 
which  is  nearest  to  tiie  positive  wire.  At  tbe  same  moment,  the  mercury 
in  the  neighbourhood  of  the  negative  wire  begins  to  oxidate;  and  after  a 
while,  the  whole  of  the  mercury  becomee  covered  with  a  thick  iiim  of 
oxide,  which  however  disappears  again  completely  wlien  the  action  of  tko 
current  has  been  continued  for  a  longer  time.  (Hersohel.) 

If,  while  the  mercury  is  covered  with  the  film  of  oxide,  its  connection 
with  tbe  positive  wire  be  broken,  so  tbatboth  wires  may  remain  immerseJ 
in  the  solution  only,  radiation  commences  from  the  negative  wire,  breaking 
through  the  edges  of  the  film,  advancing  towards  the  positive  wire,  and 
then  ceasing.  Upon  this  the  negative  radiation  ceases,  and  after  moment 
tary  (|uiescence,  a  rapid  current  sets  in  from  the  positive  wire — The 
mercury  in  fact  takes  up  sodium  by  contact  with  the  negative  wire; 
flubsetjuently,  by  contat't  with  thopoaitivc  wire,  it  becomes  coated  with 
oxide,  while  the  internal  part  still  contains  sodium  (for  even  when  the 
circuit  is  interrupted,  the  tilui  of  oxido  disappears  in  consequence  of  the 
eodium  contained  in  the  interior);  if  the  positive  wire  bo  then  withdrawn, 
the  oxido  is  reduced  by  the  sodium, ^-The  superficial  portion  of  the 
mercury  thua  freed  from  sodium  is  carried  by  the  current  from  the 
negativo  towards  the  positive  wire,  freah  sodium  passes  from  the  interior 
to  the  surface,  and  ia  removed  from  the  mercury  by  reducing  the  oxide; 
the  mercury  is  then  driven  towards  the  positive  wire — and  so  on,  till  the 
film  of  oxide  is  wholly  decomposed.  There  now  remains  mercury  cod- 
taiTting  a  little  sodium,  and  consequently  the  poflitive  current  is  produced. 
(Uere«hel.) 
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If  the  nK^Tcnry,  covsred  with  solution  of  ialphate  of  sodfi,  bo  left  fir 
some  time  iu  cootact  with  the  positive  mire,  and  then  both  wires  remorrj  i 
from  the  solution,  the  mercury  acquires  &  slight  irregular  motion  anJl 
«yolve«  a  few  ga^-bubblea.  If  any  metallic  wire  be  then  dipped  ihrough 
the  eolution  into  tho  tnercnry,  the  latter  rushes  from  all  sides  towards  tfao 
■wire,  t>u  whichj  at  every  part  which  ia  in  contact  with  the  soiotiuo, 
hydrogen  gas  is  evolred.  By  this  galvanic  oombinatioo  between  Ibe 
metal,  the  sodium,  had  the  liquid,  the  whole  of  the  eodiam  becomw 
oxidized  in  twelve  seconds  at  most;  and  if  the  wire  conwste  of  eopp«n-  nr 
platinani,  the  mercury  recovers  its  former  property  of  producing'  the  arga.- 
live  current  only.  A  b«nt  wire  may  also  be  made  to  dip  with  one  end  ] 
into  the  upper  part  of  the  mercury  not  covered  hy  the  solution  (at  whiHi 
part  no  action  previously  takes  place),  and  the  other  end  into  the  Bolution 
only :  hydrogen  gas  is  then  evolveii  upon  the  latter,  and  currents  aro  alao 
produced  in  the  mercury,  proceetling  from  the  extremity  of  the  fir^t  wire 
towards  the  circumference.   (Herechel.) 

Experimtnti  tmih  tncreurtf  under  all-altiif  anhd'tom, — Wlien  neither  ftf 
the  wires  touches  the  mercury,  no  current  is  produced;  but  if  ihe  negative 
wire  has  been  m.ide  to  touch  the  mercury  for  a  short  timf*,  or  if  n,n  easily 
oxidahle  inetjil  has  been  added  to  the  mercury,  a  jKiaitive  current  is 
produced  when  both  the  wires  are  dipped  into  the  eolution  without 
touching  the  mercury.  Even  when  only  one  part  of  potassium  is  addc<l 
to  1,000,000  paria  of  mercury,  the  latter  exhibits  a  positive  current. 
Thia  current  likewise  shows  itiielf  rather  Btrongly  when  one  part  of 
sodium  is  added  to  1,200,000  parts  of  mercury,  and  very  weakly  with 
one  part  of  sodium  in  1,000,000  purte  of  mercury.  AmmoniacrJ  amal- 
gam added  to  niercury  givefl  no  motion  under  aqueous  solntion  of 
aoda,  A  email  quantity  of  barinni-atnalgam  imparts  positive  rotation 
to  the  mercury.  One  part  of  zinc  in  100,000  piirt«  of  mercury  pio- 
ducBH  a  strong-  poHitive  current  under  aqueous  solution  of  potash,  a 
weak  but  porcoptible  current  with  400.000  psirts  of  mercury,  a  very  woii^k 
one  with  700,000  parts,  and  oono  at  all  with  1,000,000  p.-irts.    Very  email 

3nantities  of  iron  eaut^e  the  mercury  to  rotate.  One  part  of  tin  or  lead, 
isBolveJ  in  200  piirts  of  mercury,  impart*  a  powerful  rotation  to  that 
liquid,  a  fcehk  current  in  607  part!*,  very  fccblo  in  1000  parts,  and  none 
at  all  in  2000  part^i.  Antimony  causes  the  mercury  to  rotate  very 
dowly,  probably  acting  by  means  of  foreign  metals  containeii  in  it.  By 
taking  up  bismuth,  copper,  silver,  or  gold,  on  the  contrary,  mercury  dooa 
not  £tci|aire  the  property  of  exhibiting  motions  in  the  electric  circuit 
under  an  alkaline  solution.  (Herschel.)  (Pfaff  did  not  obtain  a  positive 
current  on  adding  zinc,  tin,  or  lead  to  the  merenry,  and  dipping  the  two 
wires  into  the  solution  only.) 

Erptrim'ntls  wit/i  mercuri/  vnder  nqttentu  goluticn  of  carionate  eftoda. 
— If  an  electric  current  be  pa.ased  through  two  equal  quantities  of  mer-    J^ 
cury  under  the  solution,  one  being  oonnected  wttfi  the  negative  and  the    ^| 
other  with  the  positive  wire  (the  lattor  portion  hecomos  coverwt  with  oxide),    ^) 
and  the  two  portions  then  mixed,  the  whole  behaves  like  pure  mercary, 
because  the  oxide  prculuc«d  in  the  latter  portion  oxidizer  the  eaodinm  oun- 
tained  in  the  former. — When  the  mercury  connected  with  the  (>osittve  wire 
has  become  covered  with  oxide,  if  both  wires  be  removed  from  the  solution, 
and  a  [liece  of  potasahim,  sodium,  tin,  line,  iron,  or  copper,  dipped  through 
the  sol'ition  down  to  the  mercury  (the  metaU  are  named  in  the  inverse 
order  of  the  etrength  of  their  action, — copper  acting  feebly,  silver  and 
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platinum  not  at  all),  the  oxido  disappears  quickly  at  the  paint  uf  oontac^t, 
»D(I  that  which  is  at  a  greater  ili^^tance  from  this  point  Qovea  quickly 
towarJa  it>  and  disappears  in  like  manner.  (Herechel.) 

Axpfi'imeiUs  wiih  Tntrcuri/  under  sohUion  of  niti-aie.  of  copper.  When 
the  poeitive  wire  touches  the  mercury,  a  current  is  proJoced,  proceeding 
from  the  eido  on  which  the  negative  wire  is  placed.  Thia  current  still 
contin«t>9  with  sliglit  force  after  both  wires  have  been  completely  re- 
Dtovcd :  iteren  hecomca  srnn!ual]_y' stronger,  and  drives  the  film  which  has 
tH?eu  formed  during  olectrolizitioii,  towards  the  place  at  which  the  ]M)aitlve 
wire  wa«  situated,  so  that  oxido  accumulates  there  while  the  opposite 
aurfiioe  remains  hrit;ht:  at  length,  the  currcut  which  proceeds  from  the 
negative  aids  becomes  rery  violent,  and  this  spontnucon.')  motion  often 
continues  for  a  lotrg  time. — If  the  negative  wire  he  inade  to  touch  the 
mercury  for  an  ineuint  at  two  opposite  potuta  in  soccesfion,  while  the 
poHitivo  wire  touches  the  solution  only,  and  hoth  wirca  he  then  retiioveJ 
from  the  liquid,  theije  two  jtoiiits  form  centres  from  which  spontitneoua 
currenta  isauc  simultancoui'ly.  If  tho  positive  wire  he  left  in  cunlact 
with  the  mercury  (under  nitrate  of  copper!)  till  a  iilm  of  osiile  has  been 
formed,  and  the  current  then  miule  to  pa«s  through  the  liipiid  only,  the 
lilnj  of  oxide  is  driven  towards  the  pitsiti»re  wire  by  a  vicdent  current 
proceeding  from  the  ncfpitive  wire,  If  the  circuit  be  broken  after  a  time, 
the  motion  continues  still  longer.  If  the  mercury  be  agitated  dnrifig  the 
motion,  an  as  to  scatter  the  eoatitig  formed  near  the  poeitive  wire,  i-piral 
currents  are  produced,  moving  towards  every  particle  of  oxide  dilfusod 
over  the  surface, — the  litjuid  hcinfr  thrown  intoa  state  of  treinulons  motion, 
till  the  film  of  oxide  becomes  reunited,  and  a  more  uniform  motion  ia  pro- 
duce<L  (II«?riiichei,) 

When  the  mercury  ia  impure,  very  anomaloua  appearances  are  oftea 
produced. 

Fusible  metal  melted  at  the  bottom  of  a  boiling  solution  of  au^r, 
exliibitH  motion  with  predominant  radiation  from  the  positive  wire,  when 
the  polar  wi^e.^  are  made  to  dip  into  the  solution;  when  the  sugar  solu- 
tion contains  phosphoric  acid,  the  mixture  exhibits  negatiTe  rotation  like 
pure  mercury,  (Hcrschel.) 

Thirty  globules  of  mercury,  from  to  to  100  grains  in  weight,  placed 
in  a  flat  glas3  di^h,  at  the  bottom  of  a  solution  of  one  part  of  sulphate  of 
potash  in  2000  parts  of  water,  in  which  are  immersed  the  polar  wires  of 
a  battery  of  1000  pairs  of  plates,  lengthen  themselves  out — to  a  grater 
extent  ill  proportion  ah  they  are  neateir  to  the  line  joining  the  polar  wires 
— and  approach,  8onie  to  the  positive  wire,  eome  to  the  positive  polo  of 
the  neighbouring  glohiilea.  No  hydrogen  gas  is  evolved,  but  oxide  of 
mercury  moves  with  violence  from  the  positive  to  the  negative  poles  of 
the  several  globules.  The  a<lditiua  of  hydrochloric  acid  to  the  solution 
stops  the  motion,  {H.  Davy.) 

Ejrprrimfntg  with  mercury  under  aalit  of  «fft»JOTita,  potaah,  barj/ta, 
ttrontta,  carltonalf  of  potaik,  iulpfiote  of  toda,  or  nitrf.  When  the  polar 
vrires  dip  into  the  solution  only,  the  mercury  moves  with  pcrcoptilile 
.elongation  towarda  tlio  poeitive  wire.  If  the  positive  wire  dips  into  the 
tWierctiry,  that  liquid  shrinks  together  aliglitly  at  fir.'^it,  then  becomes 
coverffi  with  oxide,  and  a}ire!t<l!i  itself  out.  If,  oti  the  coulrnry,  tljo 
negative  wire  dips  into  the  mercury,  a  sudden  flattening  of  the  mercury 
ia  produced,  and  a  visible  current  is  formed  ovtT  its  surface  from  the 
positive  towards  the  negative  wire,  then  right  and  left  bock  again 
towards  the  positive  wire.     If  the  uegatlvo  wirt  bo  now  withdrawn  from 


tke  matfiuj,  Um  boUoh  IwfiiB  Ktteaggf  for  •  timo,  Vnt  enwes  wbea 
Ike  •Ikali-meUl  vkielt  his  been  eppftnt«d  fronk  the  folutton  bgeomet 
oxidii«<l. — Tlw  earnnU  «ra  weaJcer  in  mlntiona  of  the  salts  than  {a  IfaoM 
tf  the  ->fc«*t«t  m4  iwiilHil  ei  all  in  pare  wnter. — Bulutions  of  sai- 
■  ■■iiiiii,  ciUblid*  of  petaanaBt,  or  duori^k  of  KMliuin,  bett»T«  !o  a 
■Ivilir  nuioa-,  Vul  vHli  e«ttatB  ditoceew.  (P&ff.) 

iJjKfMrimmilt  wilA  Mffcttiy  wtcbr  m'/  «^  ri^riaT  or  coneentrtd^  kydre- 
Mtrit  mei^i,  Whra  lli«  trinss  difi  o&ly  into  the  actd.  the  mrrrDry  morm 
lowarda  tJir  oepatJTa  wits,  aad  s  percrptihle  rurreot  j;oeii  from  iiie  nefiw- 
liv«  to  tiie  )»ui>iiiv*  wire»  Mid  tDen  on  both  ndM  liack  ngain  to  tLe 
IMMttive  wiro. — WIibr  tW  {lotttivp  wire  tatt«liM  Ibfl  roercnry,  the  motinn 
«aMtii  aod  tint  nMscmy  oprawls  it«^lf  out. — If  the  negative  wir?  b« 
dipfwd  ioUi  lb*  mntmrr,  tbst  Ui)8id.  contracts,  »Dd  exhibita  a  elowpr  and 
tttmiglrter  moUott.  (PCiJE,  <Sflih».  48,  ino;  this  nMBoir  contains  tnaay  etber 
nnadkable  pMtieolan:— «0a»p.  Ruooe,  /*fl|5^.  8,  106.) 

Tb«w  aolioiMr  «(  neranqr  alH»nld  be  compel  wHb  tboM  prerionalj 
d«Moked  (pfi.  d8t...S64). 


!leTe1opm«nt  of  Heat  tn  the  GoJTanic  Decomposition  of  Liquid 
Dti^cpmmt  ^fftat  m  rJU  S:etiHn^  CtU  tftke  ivmph  OaJvanic  CircuiL^ 

(Wfceo  Mt  «t<HB  of  sac  is  burnt  Mid  «at«t»  iaio  eombbation  with  an 
atom  of  oxygvn,  about  twic«  a.-;  much  h«*it  if  aei  frM  as  in  the  eombuatiOB 
of  an  atom  of  hydrogen  (p.  2^2).  Nov  since,  according  to  Famda.ys 
ttCptriBMOt%  an  «lom  of  metallic  oxide  doe«  not  ^Bq^ire  for  its  docoiiipo- 
eition  a  ^natter  qaaality  of  positive  and  negatiro  electricity  than  an  atom 
of  wtkti*r,  w«  ar«  led  to  sappoee  that  in  the  combustion  of  an  atom  of 
Qictali  the  quantity  of  negatiTe  eleetricity  vbich  oombines  with  th» 
positive  eleciridtj  of  an  atom  of  oxygen  is  not  jrreater  than  the  eoT' 
reepondiag  quantity  in  the  eombustion  of  an  atom  of  hydrogen^  aod  that 
tho  quantity  of  positiTc  electricity  giren  up  by  an  atom  of  oxygen  is  the 
Bune  in  both  ca«ee.  That  however  a  mnch  greater  qoantitv  of  beat  is 
obtained  in  the  combugtion  of  an  atom  of  cine,  may  arise  eitW  from  tkii* 
' — that  tho  heat  obt&ined  doea  not  proceed  solely  from  the  combination  of 
the  two  electric  fliiidi>,  but  likewise  from  heat  «ixisttn2^  in  the  xiuc  in  a 
state  i>f  intimate  combination,  and  6et  free  during  combuatioD — or  more 
probnbly  Mill,  pcrlia(*s,  tlitit  of  the  heat  dcvclo[»ed  by  the  nnioo  of  the 
two  electricitiea,  &  greater  quantity  is  retained  in  a  state  of  intimate  com- 
biiialion  by  water  than  by  oxide  of  tioc-  With  this  ia  connected  the 
facti  that  heat  ia  crolved  during  the  Mtlution  of  riiio  in  dilute  acids. 
Xow,  according  to  the  theory  already  laid  down,  this  derelopment  ol'  best 
cannot  arise  from  the  combination  of  the  two  electricities:  for  the  solu- 
tion <<f  <inc  in  Acidj)  ij  attended  morety  with  a  tnnsfereuco  of  negative 
electricity  from  the  ziuc  to  the  hydrogen  (p>  342,  c).  Part  of  the  hfUtt 
thus  evolved  doubtless  arisce  Avm  the  combination  of  the  «uli>huTie  acid 
with  the  oxide  of  xinc  produced;  hut,  on  the  other  hand,  a  large  qoantttv 
of  heat  must  be  rendered  latent  from  two  caui^es; — tirst,  because  the  aof- 
pharic  acid  wkicL  combines  with  the  oxide  of  zinc  i»  eeparated  from  its 
iitate  of  intimate  union  with  the  water, — and  eeoondly,  because  the  hrdn>- 

Eia  gM  which  escapes  renders  latent  a  certain  quuntity  of  beat  of  fluiditjr, 
euea  the  development  of  heat  masii  be  attributed  iBAinly  to  th» 


i 


^ 


ELECTROLYSIS:  DBVBLOPMENT  OF  HEAT. 


495 


of  tlie  eomliined  lieat  either  of  tho  einc  ar  of  the  WAter. — A  similar  t^rt*- 
lutiun  of  heal  likewiso  tnke$  pkvo  wlien  zinc  ie  plaoe^l  in  con  (net  with 
copper,  &c.  Hence,  m  aimplo  palvanic  circlee,  a  rise  of  terapeniLur» 
genemlly  takes  p1a.cc,  botb  in  the  metaU  and  in  the  liquid.  The  evolu- 
tion of  heat  must  be  tbe  same  for  a  giTen  quantity  nf  zino  oxidated, 
whether  the  oxidation  takea  place  by  ordiimry  wr  by  electro-chemicjil 
aotinn.  In  the  latter  case,  hotv-ever^  it  must  be  chserved  thut  the  hydro- 
gen neceiTea  it?  nc^tive  electricity,  not  from  the  zinc  but  from  the  cop- 
per, Uie  latent  electricity  of  which — t.  e.  its  calorict^is  decomposed,  and 
tliert'bv  dtrninisliBd  in  qunntity, — and  that  the  liberale<l  positive  elec- 
tricity goea  from  the  copper  tLrough  the  connecting  wire  to  meet  the 
negative  electricity  of  the  zinc,  and  combines  with  it  in  Uia  zinc  to  form 
heat.  The  greater  therefore  the  quantity  of  heat  gen'-ratect  in  the  zinc, 
the  cmallor  will  bo  the  evolution  of  heat  in  the  cell.  The  quantity  of 
heat  evolverl  in  thf  cell  wrmld  Ihereforo  increjiJ?  fts  the  conductiiig  power 
of  the  wire  diniinisbed.  if  tLe  oxidation  of  the  ainc  cfjiild  then  go  on  with 
equal  rapidity;  but  uinco  the  oxidation  of  comnion  xinc  in  retarded  under 
mic?h  circuniatances,  and  that  of  anialgamated  zinc  alnjgst  wholly  arrested, 
the  contrary  result  ie  obtained.] 

If  an  anialjeamated  doc  plate  and  a  ailver  plato  platinixed  by  Smee's 
method  (p.  41^),  are  immersed  in  21h,  of  dilute  eulplmrio  acid,  and  pro- 
duce a  current  iu  a  thick  ronducting  wire  of  «uflioient  force  to  decomposo 
9  grains  of  water  in  an  Iinur,  the  temperntnre  of  the  2  lb.  (t=  1S432 

Cia»)  of  liquid  rises  4*7°  Fah.  in  an  hour.  If  from  this  we  deduct  the 
t  dev'cli'ped  by  the  combination  of  the  sulphuric  acid  witb  the  oxide 
of  sine  profluced,  there  remains  21"  Fall,  for  the  rise  of  tcniperaturc  duo 
to  iho  current.  (Joule.)— [IK'432  X  2-1  =  38707*2.  Conseqoenlly,  one 
grain  of  water  would  be  heated  3S707-2''  Fah.  or  21504  Q^,  At  tho 
■aaie  time,  tnuce  the  current  actinp  for  an  bonr  decomposes  9  grains  of 
water,  *  grains  of  oxygen  are  transferred  to  the  zinc  :  *  ^  j  °.*  ;t  26S8; 
while,  therefore,  I  part  of  oxygen  has  been  transferred  from  tho  hydrogen 
to  the  zioe,  a  quantity  of  heat  has  been  ovolyed  in  the  trough  .authcient  to 
niiso  the  temperature  of  1  part  of  water  by  2688  C'  or  4S38'=  Fah.  Siitco 
the  two  platen  were  united  by  a  thiek  wire,  which  allowed  the  negative 
elMtrtoitT  to  paw  without  hindrance  from  the  ^inc  to  the  copper,  the  heat 
eTolre<l  in  tho  wire  niay  be  reckoned  as  nothing.  The  difl'crcnce  in  the 
quantities  of  heat  evolved  in  the  comhinnlioii  of  1  part  of  oxygen  with 
Jiinc  and  with  hydrogen  respw-tively  is  (5200  —  30011}  =  2'i;>0."  The  ex- 
pniiDBnt  juit  demribcd  gave  2W88:  this  excess  ariaes  from  the  circom- 
«tM>oe  mentioned  by  Joule  himself,  tlint  a  sneall  quantity  of  ziuo  was 
oxidaterl  by  ordinary  chemii'al  action. — In  a  second  experiment,  in  which 
the  Iwo  platee  wore  placed  only  half  an  inch  instead  of  an  iuch  apnrt,  the 
riso  of  (emperjiture  in  the  liquid  waa  i-i",- — or,  after  deducting  the  heat 
dereloi>e<l  by  the  combination  of  oxide  of  itinc  with  sulphuric  acid,  I  •1*5'^ 
Fah.  [The  greater  proximity  of  the  platca  probably  diminished  tho 
ordinary  chemlciil  action.  Calculation  as  above  gives  f«»r  every  I  part  of 
oxypen  which  cwrabinea  with  xinc,  a  rise  of  temperature  in  1  pnrt  of  water 
aiuouiitiug  to  2368  C^,  which  agree*  vi^ry  nearly  with  the  quantity  of 
heat  developed  by  the  oxidation  of  tho  zine  ] 

1[Jonln  expiains  the  development  of  heat  on  totally  different  prin- 
eipwo,  but  appears  not  to  be  aware  that  in  hin  calculatione  he  fia^  Inkcn 
the   quantity   of  the   current   for  its  inlenaity — a  mistake  of  frequent 
oocurreuce.] 
Crraro'e  bfttiery  gire«  eimilM  nmltA,     When  the  circuit  is  olosed  bj 
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a  long  til  in  wire,  so  that  tbs  quantity  of  tbe  ctirrent  w  dimintaLeJ,  tli« 
ruM  of  t«inpernture  in  tUe  litjuid  likewise  l«?eonies  lees  [partly  bccaoM 
tho  cbeiuical  action  is  slackened,  partly  because  the  combintitiou  of  tin 
electric  fluids  within  tbe  wire  develops  a  quantity  of  beat  which  wobU 
othcrwiBC  have  been  evolved  in  the  troughs], 

la  Dnaieir^  apparatus,  on  the  other  band  (siDC,  dilute  sitlpUuric  acid, 
sulphate  of  copper,  &nd  metallic  copper,  p,  421),  a  c<>ti8idera.bla  redurtion 
of  temperature  takea  place.  (Joule,  Fhil.  Maf/.  J.  19,  260.)  [This  de- 
aerveii  attention,  inasmnch  &s  heat  ia  evolved  during  the  precipitation  of  a 
eoIutioD  of  sulphate  of  copper  by  zinc] 

Development  of  Beat  in  ike  Troughs  of  a  Trough  BaUery. 

When  a,  battery  consisting  of  four  porcelain  trougha  filled  with  dilat« 
nitric  acid — each  trough  cootaiuinj^  10  cells,  ba-ring  a  pair  of  sine  and 
copper  plutea  imniereed  in  each,  and  therefore  making  40  paire  in  all — 
1!  left  for  some  time  with  its  poles  connected,  a  rise  of  tcmperatnre  tkkea 

tdace  ill  tlio  liq'iid  contained  in   tbe  cells.     In  ouo  experinteiit  of  thta  I 
Lind,  the  temperature  of  the  liquid  was  at  first  16'€'  C.;  in  tlie  tniddlo.j 
of  the  trough,  contaiuing  the  positive  pole,  it  rose  to  J5'5';  in  the  next 
to  54'T^;  in  the  third  to  63 '6  ;  and  In  the  trough  which  eontain«d  the  i 
negative  polo,  only  to  i3-2°.  (Murray,  .V.  i:<l.  Phil.  J,  12,  57.J 

Devtt^ypment  of  Heat  tn  tie  Deeompotinff  Celf. 

[Watery  liquids  o-re  tbe  only  substances,  the  decotapoeition  of  wbich^ 
has  hitherto  been  observed  to  be  accompanied  by  elevation  of  tempera- 1 
ture.     If  we  sappoeso  (according  to  p.  iOl)  that  of  tbe  heat  produced  ta 
tbe  combinatioii  of  oxygen  and  hydrogen,  a  great  part  remaiiis  unitod  with 
the  water  (2.200  part-s  out  of  5,290),  then  this  quantity  of  boat  mtist  be 
liberated  during  the  oloctrolyBta  of  the  water.    For,  at  the  positive  poles,! j 
the  full  quantity  of  heat  conibinca  with  one  atom  of  oxyeen,   and  at  f 
the  negative  pole,  one  atom  of  hydrogen  takea  up  the  full  quantity  of 
negative  electricity, — the  heat,  which  waa  held  in  a  slate  of  cotnbiin^ 
tton  by  tbe  atom  of  water  decomposed,  remains  In  tbe  liquid  in  tbe  free 
atatc.] 

Two  gold  cups  containing  water  atq  connected  by  asbestns,  and  isto  < 
otio  of  the  cups,  in  which  the  positive  wire  of  a  battery  of  100  pairs  is 
immersed,  a  drop  of  a  solution  of  sulphate  of  potash  ia  let  fall:  the  potash 
then  passe-s  rapidly  into  the  negative  cup,  and  the  water  ia  raised  ni  two 
minutes  to  the  boiling  point.     When  the   current  acta  on  a  solution  of 
nitrate  of  aininonia,  all  the  water  evaporatca  in  three  or  four  minates.      w 
producing  a  hissing  noise  and  a  white  cloud,  and  the  remaining  nitmte  of  fl 
ammonia  takes  fire, — When  one  of  the  cups  contaiuB  (strong  solution  v>f  H 
potash,  and  the  other  oil  of  vitriol,  enly  a  slight  elevation  of  temperatorB 
18  produced.  (H.  Davy.) 

When  dilute  eulpburic  aciil  ia  decomposed  by  Grove's  battery,  it  is 
converted  into  oil  of  vitriol,  and  becomes  so  hot,  that  wood  placed  ander 
the  vessel  which  contains  it  is  charred.  (Grove.) 

In  the  eloctrolysia  of  a  watery  liquid,  a  greater  rise  of  teraperatnrB 
tftfcea  placR  at  the  positive  than  lit  tbe  negative  pole, — because  lesa  gas  is 
evolved  at  the  former,  and  tbercfuro  less  beat  ia  rendered  latent.  Tbe 
evolution  of  heat  is  greater  when  the  liquid  is  divided  into  a  number  of 
aefKirate  ports  by  porous'  bodies,  «uoh  as  membranes,  bundles  of  tbrettdi 
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The  liquid  in  a  bundle  of  cotton  fibres  is  more  Etronu^ly  heated  thaa 
llmt.  contained  in  a  glaas  tube  of  equal  vridth  and  length  ;  for  the  cells  in 
whieb  the  liquid  is  Qnclosi>d  retard  the  transmission  of  the  electricity.  If 
the  polar  wires  arc  inserted  into  the  extremities  of  a  cutting  of  a  water- 
plaut,  the  water  near  the  wires  rises  to  tlio  boiling  point.  (Dc  la  Ri^e,) 
[Experiments  of  Prescott  Joule  {Phil.  Mag.  J.  19,  260).] 


TeCUHICAL   ApptlCATIONS  OF  Galtasism. 

1.  Galvanic  Precipitation  of  a  thin  Layer  of  one  metal  on  the  aarface 

of  atiother. 

Oilding. 

TIjis  process  may  be  perfunned  upon  silver,  brae.?,  or  copper,  but  not 
np-on  iron.  Tlie  apparntua  couMists  i>f  a  bladder  coutainiiig^  dilute  acid,  in 
which  ^iDC  is  immersed,  and  a  jar  within  which  tlie  bladder  is  placed. 
The  jar  eontaina  the  soliitiou  of  wold,  together  with  the  metal  to  be  gilt, 
which  is  conncct^jd  by  a  wire  with  the  7,inc,  (The  gfdd  solutjun  and  the 
metal  to  be  gilt  may  also  be  placed  witliia  the  bladder,- — the  dilate  aeid 
and  a  cylindrical  zinc  plalo  surrounding  the  bladder  being  placed  in  the 
outer  vesael.) — The  more  dilute  the  acid,  the  feebler  ie  the  current,  and 
the  better  does  the  gilding  go  on; — e.  g.,  six  drops  of  acid  to  a  glass  of 
water,  Sulphuric  aeid  is  o«cd  for  silver,  nitric  acid  with  copper  or  brass. 
— The  gold  solution,  which  is  made  as  neutral  as  possibJo,  contains  5  mil- 
Hgrammea  of  gold  in  a  cubic  centimetre,  and  therefore  one  gramme  of  gold 
in  a  litre  {about  2  pounds).  A  weaker  solution  gives  a  darker,  and  a 
solution  containing  copper  mixed  with  the  gold  a  reihler  gibling.^The 
tnetal  to  bo  gilt  must  he  either  polished  or  merely  cleaned.  In  the  for- 
mer caee,  the  metal  takes  the  gilding  more  readily,  and  the  gilt  aurfaoe 
boA  a  much  greater  lustre,  and  merely  requires  niubing  with  fine  linen  or 
with  leather  to  give  it  a  very  high  degree  of  pfdish;  in  the  latter  case, 
the  gilding  is  taken  slowly,  has  a  duller  suriiicc,  and  requires  to  be 
rubbed  with  the  burnishing  steel.  Ignited  silver  takes  a  fiuer  gilding  than 
that  which  has  not  been  ignited. 

The  rJnc  is  attached  to  a  thick  copper  wire,  and  this  to  a  silver 
or  platinum  wire,  which  touches  at  one  point  the  nietal  to  he  gilt;  this 

EoJnt  must  however  be  changed  from  time  to  time,  otherwise  no  gold  will 
e  dc}K)sited  upon  it.  Before  the  gilding  proce«a  is  commenced,  the 
metal  is  dipped  into  ililuto  acid  to  free  it  from  all  impurities, — silver  in 
sulphuric,  copper  and  brass  in  nitric  acid.  If  the  zinc,  c<>Mtained  in  a 
binitder  511erf  with  the  same  add,  bo  at  the  same  time  immersed  in  the 
liquid,  the  gas-bubbles  evolved  on  the  surface  of  the  silver  or  copper  will 
serve  to  cleanse  it  still  more  effectually. 

After  this  the  gilding  ia  commenced.  The  bladder  with  the  rine 
being  first  placed  in  the  gold  solution,  the  circuit  is  closed  by  immersing 
the  object  previously  metallically  connected  with  the  zinc.  The  metal 
to  1«  gilt,  pspectally  if  it  be  silver,  must  not  be  left  for  a  moment  in  the 
gold  solution  without  galvanic  connection, — .otherwise  it  will  either  not 
be  gilt  at  all  or  the  gilding  will  be  very  bad.  If  therefore  the  inside  of 
B  T988el  is  to  be  gill,  the  bladder  with  the  acid  and  zinc  being  suspended 
within  it,  the  gold  Bolutiun  must  be  poured  into  the  vessel  down  tho 
aidca  of  the  bladder,  so  that  galvanic  connection  may  be  immediately 
fornieil.  The  galvanic  current  must  be  so  weak  that  scarcely  auy  gaa 
vol.   I,  2  k 
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nliflll  be  tivolred  en  the  Burface  of  the  »ilTer  nr  conper ;  for  wjy  eenadar*  j 
able  evolution  of  ga.%  wonld  interfeTO  with  the  deposition  of  the  gold.  H 
A  fieeble  curreot  I*  particularly  necc&aary  when  shaqi  edgvs  occur,  for  H 
tfaese  are  difficult  to  pild.  The  current 'ie  regulated  by  pttrtialSy  with- 
drawing  the  linc  or  diminishing  the  quantity  of  acid.  After  reiimining; 
for  li  minll^^J  or  two  in  the  gold  solntion,  the  metal  is  ajCain  immefwd  in 
dilute  acid  J  it  is  likewise  advantageona  to  immer&e  the  iinc  a-inl  Itladtlor 
at  the  same  time  (for  this  makes  the  gilding  more  brilliaut,  and  eusurw 
a  more  abundant  deposition  of  jfold  at  the  neit  immersion).  The  tnctol 
is  then  briskly  rubbed  with  fiae  linen  and  dried,  then  a^ain  snbjt-ct^d  toA 
galvntiic  action  in  the  gold  solution,— and  su  on.  Polished  objecU  ttr  ' 
quire  two  or  three  immereions — unpolished  ones,  five  or  six. 

Brae^  requires  less  gold  and  takes  a  redder  gilding  than  silver,  tW' 
gilding  on  which  is  rather  of  a  greenish  yellow.     The  gilding  is  pemnr 
meat. 

Those  parts  of  an  object  which  at©  not  to  l>e  gilt  are  cotcvuI  with  1 
wax,  or  washed  with  gold  solution  by  means  of  n  brueb. 

The  solution  of  gold  when  weakened  by  uee  la  coneentrate*!  bj  «▼»- 
poration.  The  bladder,  wlijcb  requires  frei|Uont  renewal,  yields  a  qnaii* 
tity  of  gold  when  burnt  to  a.shee,  (De  la  Rive.  Aim.  C^im.  I'kys.  73,399; 
also  /.  pr.  Chtm.  20,  157.) 

R,  Bottger  makes  use  of  the  following   apparatna  for  gilding  audi 
platinizing.     A  wide  cylinder  has  a  hole  in  the  middle  of  via  base,  thronghl 
which  there  pa^ee  a  copper  wire  cemented  in  with  eealing-wax.     The  I 
part  of  the  wire  within  the  cylinder  is  formed  into  a  flat  spiral,  apoaj 
which  is  laid  a  pieea  of  amnlgamnted  jinc.     The  eyiinder  contains  rer^ 
dilute  siilphurie  acid.     In  this  is  immersed  a  cylinder  open  at  tbe  topi 
and  bottom,  but  tied  over  at  the  bottom   with    a  thin   blsdder.     Th*] 
cylinder  cuntaina  solution  of  gold,  in    wbicb    the  metal  to  be  gilt   i«j 
immersed  after  it  ha^  l>wn  first  connected,  by  means  of  a  platinum  wir* ' 
wound  ronnd  it,  with  tbe  copper  wire  proceeding  from  the  linc,     (A 
drawing  of  the  apparatus  is  given  in  the  memoir.)     The  gold  eolation 
eoTjtiiina  one  (wtrt  of  chloride  of  gold,  freed  as  much  as  pos.*ible  from  excoH 
of  Held,  in  HJO  po-rta  of  water;  or  stitl  better,  chloride  of  gold  and  aodiun 
dissolved  in  water.     Each  immerHinn  kst«;  for  a  minute  at  the   utnioet,] 
and  18  followed    by  wuehing  with  water  and  drying,  neeompanied  by  1 
brisk  rubbing  with  fine  linen  and  polishing  with  powdered  chalk.     Silver 
reqyire-s  five  or  six,  steel  ten  or  twelve  iQimersiong,  lasting  from  half* 
minute  to   a  minute.     When  the  siiver  object    ia  connected  with   th* 
iinc  by  a  copper  wire,  part  of  which  dipa  into  the  solution  of  gold, 
the  gilding  acquires   a   strong  reddish   tint;   whereas,    when   silver  at 
platinum  wires  are  used,   it  ia   of  a   full   bright  yellow.     If  the  gol<ij 
eulution  conttiins  the  smallest  trace  of  copper,  scarcely  any  thing  bat 
copper   is   at   first   deposited    upon   the   silver.     Copper   also  does   noil 
show  any  appearance  of  gilding  for  some  time,  beoauee  the  red  colour  ofl 
the  metal  shinea  through,     (The  same  was  observeii  by  Biewend,  J.  pr, 
O/tem,  2n,  2.>.3.)     Brass  may  be  gilt  almost  as  well  a«  Biiver,  tin  not  sO 
well.     German  silver  gives  a  cojipery  kind  of  gilding,  not  very  beautiful<i 
But  watch-sjiriiigs.  pen-knives,  &c,,  may '■*  gilt  directly  by  De  la  Rire'fll 
mctlioil.     Watch- HP  rings  take  a  very  fteautiful  gilding,  when  they  art 
freed  by  hydrochloric  acid  from  the  bloe  film  of  oxide.     On  long  knivet 
the  gihling  ia  not  uniform,  being  thickest  at  the  end  next  the  line.     Stdel,  i 
which  is  to  l»e  gilt  must  be  brightly  polished  without  oil;  that  which  bat  I 
been  polished  with  oil  does  not  take  the  gold;  for  it  retaioa  partides  of' 
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Qiil  «to«el7  attached  to  iU  eurfMe,  bo  tbat  it  is  Bcar(>ely  attached  bj  itrong 
hydKicMoric  ncii,     (H.  hiiMfcr,  Anti.  Pharm.  35,  221  and  350.) 

The  bladder  rcromineadfii  by  lli«  lu  liive  reiiuces  n  coiiftidersltla 
quantity  of  iroid,  wliich  gives  it  a  purple  colour;  a  cylinder  tied  over  with 
bladder  at  LoUoiu  is  therofore  to  be  preferred.  Only  a  feelile  current  is 
Peqwiretl,  aod  a  singto  drop  of  sulpbiiric  add  is  emragh  for  every  tmnoe 
of  water.  If  the  gold  imJutiou  reddens  litmus,  it  prwlucee  a  dirty  yeiJow 
contiug  on  tlie  silver;  hence  it  tuust  firat  be  exactly  neutraliied  witb  car- 
bonate of  sodu.  It  must  likcwij^e  be  more  ijiiute  thiin  JJottger  rcootn- 
atends:  water  must  in  fat't  be  added  to  it  tiU  a  plate  of  silver  dipped 
Mto  it  no  longer  ncquir^a  a  lilack  coating,  imt  i^xbibiti)  a  brij^bt  yellow 
colour  on  being  rubbed.  When  tlio  pruwps  \n  iLus  couducted,  the  eiivcr 
00  Ifinger  acquires  h,  grTOiitsb  yelb>w,  but  ii  pure  brigbt  yelluw  gilding;  or 
if  it  be  connected  with  the  eitic  by  n,  copjier  wire,  it  (hcti  takes,  as  Bnttgar 
found,  a  re<ldi>«b  yellow  gdding.  Steel  pcna,  freed  by  dilute  Lydroclilorio 
Mid  frniii  their  bliu!  film  of  oxide,  may  be  gilt  without  tho  aid  of  galvan- 
ism by  nimply  ininiereing  them  in  llie  jjfdd  solntion  neutrnlized  as  above 
with  carbonate  of  sodii.  Copper  may  Ultewiso  be  gilt  in  a  very  short  time 
«itlier  by  onltnary  chemical  actian,  like  steel,  or  by  the  galvanic  method. 
(Elpncr,  J.  }ir.  C/irm.  23,  148.) 

Walker  {PhU.  Matf.  J,  19,  32S)  makes  uee  of  the  current  of  a  voltaic 
battery.  Tho  decomposing  cell  eontnins  a  solution  of  cyanide  of  gold 
«nd  potaseiuni ;  the  auod  econ.sieta  of  a  plato  of  gold,  and  tiie  cathode  of 
tho  metal  lo  be  gilt.  As  faat  as  gob!  is  precipitated  from  the  solution  oa 
the  c^tbodo,  fre^^h  gold  is  dis^solved  at  the  anode.  A  tiiiuitar  method  is 
punned  by  Eikingtnn  (Compt.  rettd.  13,  998;  also  Poffff.  55,  Ifll),  ao- 
eording  to  whomj  gilding  goes  on  more  quickly  at  a  somewhat  ck-vnted 
t«niperatiiTe  than  in  the  cold. — ^ According  to  ntiolj  {ff>99-  55,  163)  the 
following  eoluttons  are  avnilable  for  thia  purpose :  Cyanide  or  chloride  of 
golcl  in  a(|neoUB  solution  of  cyanide  of  polo^iam;  ordinary  ferrocyanide 
of  potassium  or  red  fL>rroevanide  of  potaseium ;  chloride  of  gold  and 
potassium  in  nqucotifl  solution  of  cyanide  of  potnjseiuni,  or  iu  aqneoud 
Moluiion  of  s(>da;  sniphiiret  of  gold  iu  atjueous  eolution  of  sulpliuret  of 
pot«.»siuni.  The  last  throe  solutions  aro  lo  be  preferred — the  lust,  which 
contains  sulphur  being  the  beat  of  all.  In  this  manner,  platinum,  silver, 
copper,  pRckfong,  and  steel  may  Ijo  gilt  permanently,  beautifully,  and  of 
•ny  required  thickness.  A  solution  of  1  part  of  chloride  of  gold  and 
10  parts  of  ferrocyanide  of  potawiium  in  100  parts  of  water,  being  sub- 
jecteil  to  the  action  of  a  eix-pair  Danieire  battery,  deposits  to  throv 
minute.'*,  on  a  polished  silver  plate,  five  square  centimetres  in  aurfaoo,  tli« 
following  qnantitiee  of  gold,  varying  according  to  the  temperature :  at 
15',  0  0120;  at  35",  0-02[m;  andat«0",  0'063  of  a  gramme. — Tho  qnantity 
of  gold  deposited  on  a  brsj!s  plate  of  equal  eizo  at  15°  in  two  niinutet 
WR*  0'012  of  agrnnmie.  (Dumas.) 

Do  la  Rive'«  [ncthod  pt-oitucea  a  brilliant  gilding,  that  of  Ruoli  giret 
a  fine  fro,«ted  ourfitcc  which  n>ay  be  made  bright  by  polishing,  De  \% 
Bive's  solution  acta  partly  by  ordinary  chemical  action,  because  it  con- 
tnins  too  miioli  gold  njid  is  not  sufficiently  neutralised.  The  following 
methr.ll  gives  the  beet  results.— Gold-soluiion  :  1  part  of  dry  chloride  of 
g»ld  and  10  [lartp  of  ordinary  ferrocyanide  of  potoisium  are  di**ioIvcd  in 
iOO  parts  of  writer,  filtered  from  cyanide  of  iron,  mixed  with  10t>  partfi  of 
fiaturaled  solution  of  ferrocyunide  of  polassiuni,  and  this  mixture  is  diluted 
with  an  equal  or  double  quantity  of  water:  the  more  dilute  the  aolution 
tho  brightor  la  the  EroBted  gilding  produced. ^£tj«i<i  in  the  rtnc  vetul: 
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Qolniinn  of  ordinary  ferrocyanJde  of  potAfsinm  and  common  salt :— «olntion 
of  common  waU  alone  acte  more  qa'ickly;  but  for  gilding  eilver,  tUe  solution 
must  not  contain  too  much  conutuin  palt,  otlierwi^  tbe  silver^ill  be 
blackened  by  the  formation  of  chloride.  AH  acid  is  to  be  avoiJ«<] ;  it 
givfis  too  strong  a  eurreut.  It  is  a^lvantsgeous  to  havo  tbe  ^old  solatiflo 
and  the  liquid  in  tlie  xinc  vessol  of  the  same  specific  gravity.  In  order 
that  they  may  not  mix  too  easily.  For  the  same  reason,  the  level  of  tbe 
two  liquids  ought  to  be  the  same.  The  zinc  must  not  be  sraalgnmated, 
otherwise  chloride  of  mercury  will  be  introduced  into  the  gold  solution, 
and  maybe  reduced  on  the  metal. —  VrstfU:  For  gilding  small  object* 
the  gold  solution  may  be  contained  in  n  glass  tube,  open  at  both  ends;  for 
larger  objects,  in  an  inverted  bell  jar,  furnished  with  a  tiibulnre.  The 
lower  end  of  the  <i\&ss  tube  or  the  tubulure  of  the  bell  jar  is  tied  ofvt 
with  linen,  and  a  layer  of  kaolin  or  common  clay,  free  from  lime,  on* 
centimetre  in  heitrht,  and  moistened  with  solution  of  common  salt.  placc<l 
at  the  bottom  of  the  tube  or  jar,  If  instead  of  glass,  vessels  of  earthen- 
ware are  used,  in  which  endngmose  is  stronger  than  in  clay, — then,  oitlier 
the  inner  and  outer  liquids  tnii.si  have  the  same  coinposttion  (with  the 
esception  of  the  gold  contained  in  the  inner),  or  the  earthen  vessel  roust 
be  onclo-wd  within  a  bsig  of  muslin  filled  with  raoist  cby,  so  that  th« 
vessel  may  be  surrounded  with  a  coating  of  c!ay  one  or  two  oeniinietres 
in  thickness — The  braj!'^,  copper,  or  silver,  which  is  to  l>e  g'lt,  is  well 
bnrnifihcd  and  then  thoroughly  cleansed  [di-capi)  by  rubbing  it  with  ! 
lamp  black  moistened  with  concentrated  nitric  acid  and  spread  upoD 
linon — then  dipping  it  (juickly  into  watpr,  then  again  rnbliing  it — and  «» 
on  : — wheu  perfectly  clean  and  bright,  it  is  well  dricil.  While  the  gilding 
10  going  on.  the  object  is  frequently  turned,  ao  that  the  deposit  of  gold 
tnav  be  uniform.  If  the  deposition  pocs  on  loo  slowly,  an  n<lditt«na] 
quantity  of  common  salt  is  added  to  the  liquid  in  the  outer  vessel  con- 
taining the  zinc. — Warming  the  oitt-er  vessel  in  a  water-bath  to  20"  or  25" 
feS'or  77"  Fah.).  likewi.se  accelerates  thegihling  but  diminishe.a  ita  lu-stre. 
If  any  of  tbe  gold  solution  penetrates  into  the  outer  vessel,  and  gold  la 
lu  consequence  precipitated  upon  the  zinc,  it  mnrt  be  removed.  A  thin 
deposit  of  gold  makes  its  appearance  in  ten  minutctj;  to  produce  a  thick 
deposit,  several  hours  are  necf»sarv.  The  gilding  ou  silver  is  first  green- 
ish, then  yellow,  then  after  twelve  liour.^i,  reddish  yeJlow.  BraM  »nd| 
bronze  take  the  gilding  much  more  quickly.  Finally,  the  gilt  object  b 
washed  with  dilute  Eulphiiric  acid,  which  removes  any  iron  which  may 
perchance  ha\o  been  precipitated,  and  then  rubbed  with  linen.  The 
gilding  holds  very  fast.  (Becquerel,  CompK  »■«»</.  14,  135.) 

When  a  copper  plate  la  to  l*  etched, — instead  of  covering  it  with  the  i 
ordinary  etching  ground,  it  may  be  gilt  bv  De  la  Rive's  method,  and  ihea  j 
tbe  gold  roinoved  with  the  needle;  in  this  manner  much  finer  lines  aroj 
obtained.     Moreover,  since  tlio  gold  remains  attached  to  the  surface,  thaj 

Slate  may  be  corrected,  if  the  first  impressioo  should  be  faulty.  (De  li 
ive,  J.  pi:  Chan.  22,  316.) 


Plaliniiifip. 

This  may  be  done  upon  filver,  bruBs,  or  copper.  The  appanitas  ia  ' 
same  as  that  of  Bi'ittger  for  gilding.  The  platinum  solution  nsed  consiats] 
of  1  part  of  chloride  of  platinum  in  160  parts  of  water — or  better,  1  ^rt{ 
of  chloride  of  platinum  an<l  I  part  uf  common  salt  in  160  of  water.  Thai 
latter  solution  yields  a  sufficient  deposit  after  three  immersions;  whereod' 
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with  the  former,  six  immerBioud  are  iieeeaaaTy,  aid  tbe  coating  of  platiuupi 
16  rEither  grey  than  white.  Copper  which  has  been  platiiiizetl  is  after- 
wards wel]  adupLed  fur  gliding,  Tbid  may  be  doue  with  ubjeute  oblaiiied 
by  the  electro-type  protest',- — a  euppcr  wire  being  fogteucd  to  the  centra 
ot  the  hill Jcr  surl'iice,  thut  aurfuce  covered  with  wnx,  the  front  sur&ce 
freed  from  every  trace  of  oxide  by  rubbing  with  dilute  bydrocliloric  Etotd 
ajid  fine  washed  sand, — then,  by  the  preceding  incthwl,  flral  platinized  aitd 
afterwurds  gilt.  Any  part  uu  wbidj  the  oiide  still  remains  will  uut  be 
coated,  and  must  afterwards  bo  ch>;inctl  witlx  sand  and  acid.  (R.  BcUtger.) 
For  plattniKitig  by  the  current  of  n  wix-piir  DatiieHs  battery,  it  is  beat 
t«i  uao  a  eolation  of  ciiloride  of  platinum  and  potasaium  in  potash.  Thti 
operation  goes  on  as  ijuickly  as  gilding.  But  from  a  solution  of  1  part  of 
cyanide  of  platinum  and  10  partji  of  yellow  ferrocyanide  of  potassium  in 
100  parts  of  water,  platiuum  is  very  slowly  precipitatedj  cvcu  when 
aesiated  by  the  application  of  heat.  (Raols;  &  Dnmas,  ^off<f.  S3,  164.) 

Silvmnr;. 

Copper  and  bra.3s  may  bo  silvered  in  the  above  apparatus  by  meanB  of 
ft  Eolution  !if  1  part  of  fused  nitrate  of  silver  (lunstr  caustic)  in  5y  parts  of 
aquetHis  amnioniii;  but  the  first  immersion  must  not  last  longer  than  a 
eecond.  (R,  Bbttger.) — Walker  proceeds,  according  to  the  method  de- 
scribed on  page  ii)0,  with  a  solution  of  cyanide  of  silver  and  potaesiuin  ua 
the  eloctrolyte,  and  a  silver  plate  as  the  anode. — Accordiug  to  KuoU, 
who  likewise  uses  cyanide  of  silver  and  potasaium,  silvering  may  be  pro- 
duced on  gold,  pkitinuin,  copper,  bronze,  brass,  iron,  cast-iron,  steel,  and 
tin,  and  Is  very  jK-rnianent.  —  A  solution  of  1  part  of  cyanide  of  silver  and 
10  purt^  of  ordinary  ferrocyauide  of  potassium  in  100  parts  of  water,  may 
also  be  used.    (Dumas.) 

Coppfriv^. 

A  fiolutiuii  of  cyanide  of  copper  in  cyanide  of  potasstum  or  sodium 
yiohls  a  cuating  of  copper  wht*u  acted  upon  by  the  current  of  an  eight- 
pair  Daniell'a  battery, — but  the  deposition  of  the  copper  is  very  slow. 
[Ruolz.)— In  a  similar  manner,  metaU  may  be  coated  with  lead,  cobalt, 
or  nickel,  (Ruolz.) 

Tinning. 

Clean  copper  or  brass,  in  contact  with  cuttings  of  tin  in  a  boiling  solu- 
tion of  peroxide  of  tin  in  potash,  becomes  covered  in  a  few  minutes  with 
a  white  pormanciit  layer  of  tin.  {R.  Bottger.) — Brouze  may  likewise  Iw 
tinned  In  Ibis  manner.  With  electro-positive  mtftalj?,  on  the  couti'ary, 
Buch  as  iron  or  nine,  the  current  of  a  battery  is  neceastiry.  (Ruulz.)— On 
this  principle  depends  the  tinning  of  \iixisa  plus  by  disposing  them  in 
atteruate  Liyors  with  tin  plateti,  and  boiling  the  whole  m  a  solution  uf 
cream  of  tartar. 

Zi/d'ini/. 

Copper  or  brass  cleaned  with  dilute  hydrochloric  acid,  and  placed  in 
close  contact  with  granulated  zinc,  in  a  boiling  saturated  solution  of  sal- 
aniuioiiiac  or  a  scdiilion  of  chloride  of  zinc^  acquires  in  a  few  minutes  a 
apecular  covering  of  zinc.  Cream  of  turtarj  in  place  of  eal-ammoniuc, 
doe*  not  occasion  a  dejrosit  of  jtiiic.  (R.  Btiitger,  Ann.  Pkarm.  34,  84;  39, 
172.) — By  means  of  the  electric  current  of  a  battery,  iron  wire,  iron  pliUa, 
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A.  Fof  mnadl  fA,j»rxj> -.—Tht  uhjml  (■  be  cgped  (lii* 
oil  it  tiu)  Modftf — wiiidi  iMMt  be  a  «mkm»Uf,  at  IsMt  oa  its 
I  iniwcffBil  n  •  MJMMii  tt  MJfvafaw  < 
Mgatfr*  cmdaetoT  «f  s  ^Iraaie  cireot,  tke  i 
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_  koK  of  wood 

•'ireelahi,  iIitkImI  into  two  polalby  sa  nprigkl 

1   nnglaxed  outlieiiwsn  (or  doe  of  d»-w«od 

r  an  bour  in  wat^r  M^ulate«l  wiUi  mlpliarie 

nin^  the  opper  li  fiUe4  with  eohitioB  of  aill- 

'  Irli'  hot,  and  U  fitted  at  its  upper  part  with  a 

it'  I    ul  tlie  tid««  and  bottom  aiul  fiUed  with 
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Tlt6  xinc  diriniciti  coutaina  dilute  suilpbiine  a«d,  or  t 
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ft  wnB  iMMHnM  n  inhita  BaliibBne  aciil,  ial'SHMon 
Mlphaie  «f  m^     TIw  omoI  toHabie  ajipBtatwi  la  •• 

(pttcbod  witli  wf."  '  ■      ••■■•-    — 

partllirm  of  «]i{(ii 
which  baa  been 
add).     The  dlvi 
pbatc  of  eopper  ■atiu.i! 
thin   w'^'wlcn    hfiT  frfrf" 
p<imi<|i' ' 
afaiilly 

Mjliiiidii  111  xril  iimtttiiuiur,  tte..,  lugether  with  &  zinc  plate,  which — at  least 
*rb"n  *  It  I  [lit  II  rin  iK-iri  in  ci«ed — muMt  \x  aoialgamated.  For  renewing  th« 
linuidK,  rnjinrinllv  'irtliR  xirir  rlivi^ion,  riach  division  iiaa  aa  opeGititrat  the 
iriutt,  r(»rtitiiiiriir-tttiii^  lintt  with  iw  i]rxib1«  tal^e  of  c&(«utchoac,  and  then 
wtlli  A  ritfid  lubt>,  whicl],  whnn  iiet  uprifrht,  reaches  to  the  t4;>p  of  tlie  re»> 
vol,  liiU.  witrvn  1<'l  down  nlti^wn  tliu  liquid  to  escape.  The  zinc  is  coaoeoted 
will*  (h(i  irHidi'l  Ity  mrnnN  of  n,  wire,  undor  whi<?h  a  magnetic  needle  is 
pliii'4>il;  mill  l.liii  tiuitiid  iw  iriitiiiTN'^d  itprrght  in  the  copper  division,  with 
thi'  •i'l"  wliith  i*  to  l>r  iv>|ij)crod  turned  towards  the  zinc  division.  The 
dertri'tltiii  (if  tlm  tn«'illf  inditmtpn  tho  (juantity  of  the  current,  on  the  regti- 
Intion  (if  wliit'h  the  wuccowi  uf  tlio  oiicration  greatly  depends.  When  the 
qniiriMty  of  ulcfliicitv  i«  to-u  great,  tlie  suljthato  of  copper  is  decompoeed 
ntnrn  i|uii'klv  thiiii  IftiAv  fiulphiite  )h  diKoulved.  and  ll^e  copper  deposited 
on  ihti  niiidiil  tin  loii^or  <;xhihil;!i  the  itrl^dit  red  coluur  which  it  ought  to 
p(iiiiii>iiii,  hill  htwoimw  lif  II  dirty  hrowti  red,  and  loses  its  coberence;  and 
oven  if  llm  "uluiiim  Ih«  Oion  BMtiimtwl,  the  precipitate  afterwards  dcpoeited 
i«  iitill  Irn'idirn-iit :  tlm  hrown-rcd  precipiute  mast,  therefore,  be  scraped 
oJV  «tr  ri>ini>vwl  hy  iiilrie  m'iil,  A»  «oun,  tlicrefore,  as  the  magnetic  needle 
ItxIientiM  that  tho  currutit  ia  too  atn>n|{,  it  nnist  bo  weakened  by  diitiiiiig 
tim  neid,  inuri^ai-incr  the  diatanoe  betweea  the  phttes,  or  by  usiug  a  con* 
oei<l)iitt  wire  of  ^ivat<>r  loQgth  Mid  low  ihickiLesa.  The  greater  the  slis 
of  th«i  bi>x  I'otilniuinK  the  nulphntr  of  onpper,  and  the  more  the  solnlion  of 
Ikat  anil  ii  BPceh'mtod  by  miaiu);  the  teinperature,  the  greater  may  b« 
th»  atronf th  of  the  curr«n't,  ud  ibo  more  quickly  wiU  t£e  ihickiMaB  of 
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tbe  coating  boreaafl;  but  the  more  slowly  the  copper  ta  reduced,  the 
greater  will  be  its  compactness  and  solidity. — ^lusteail  of  the  boi  above 
mentioned,  a  cylinder  may  be  used,  liaviiig  ild  earLLen  veasel  dipping  into 
its  upper  part.  The  zinu  p!atfi  is  placed  bgri2ontjj.lly  on  aupporta  in  the 
.lower  Tossel,  the  model  in  tl)o   upper  oue — or  vice  vena, — but  the  Utter 

mgement  is  not  so  conveuieut. — ^The  eartbetiware  diaphragm  becomes 
"graduftUy  stopped  up,   and  uinat,  Ibereforo,  bo  oucusioually  soaked    in 
water, 

B.  When  larger  objects  lue  to  be  copied,  the  ctirreut  of  a  single  pair 
jf  Danieira  coDstawt  battery  is  preferable.  The  armngBineut  of  the  appa- 
''ratus  is  that  of  Jacobi  {p.  422).  tince  it  is  difficult  to  obtain  large  earth- 
enware cyliadt-rSj  a  number  of  amall  batteries  may  be  united, — e.g.,  nine 
cylinders  of  copper  or  lead  may  be  placed  iu  a  leaden  trou^'h  containing 
solution  of  eutpliate  of  copper,  au  eartlieDware  cylinder  tiiled  with  acid 
immersed  in  each  of  them,  and  a  zinc  cylinder  made  to  dip  into  the  acid; 
b11  the  Jiitic  cylinders  beiii;^  connected  by  one  thick  wire,  and  all  the  lead  or 
copper  cylinders  by  another.  The  electricity  of  these  two  wires  is  carried 
over  to  the  dcconiposiinjjf  cell,  which  at  the  beginning  ts  filled  with  dibit© 
Bolutioi)  iif  Mtilphato  of  copper,  containing  a  little  free  acid.  The  model 
lies  burizoiitady  at  (he  bottom  of  the  cell,  with  the  side  to  be  coppered 
turned  npwardrf.  A  wooden  frame  is  let  down  to  the  middle  of  the  litjuld, 
and  a  piece  of  linen  or  tlanuel  stretched  over  it.  Above  this  diajilir.igm 
is  placed  a  plate  of  copper,  or  a  nurabor  of  pieces  of  copper  in  immediate 
contact  with  one  another.  This  copper  ia  connected  with  the  copper  or 
lead  of  the  battery,  whilst  the  model  ia  connected  by  a  wire  with  the  sine 
of  the  battery.  As  fast  as  copper  is  deposited  upon  the  model,  the  copper 
forming^  the  anode  dissolves  (p.  463).  At  the  same  time  it  often  becomes 
cov'tfj-ed  with  a  dark  red  powder,  which,  if  it  fell  upon  the  model,  would 
render  the  copper  reduced  upon  it  brittle.  This  ia  prevented  by  the  Uqod. 
The  model  must  be  at  Icaiit  from  half  ati  inch  to  two  inches  below  the  cop^ 
per — for  large  objects,  three  or  four  inches.  In  this  case,  also,  it  is  neces- 
sary to  allow  the  current  to  act  up>on  a  magnetie  needle,  in  order  that 
Monie  idea  may  bo  formed  uf  its  quantity.  If  the  Duniell's  battery  con- 
aists  of  several  pairSj  a  number  of  uecutnposing  cellu  may  also  he  included 
in  the  circuit. 

2.  Constitution  of  the  Madfl.     The  model  is  either  »  couductor  or  it, 
Don'Conductor  covered  with  a  thin  layer  of  a  conducting  substance. 

A,  Every  metal  may  ba  used  which  does  not  by  itself  precipitate  cop-^ 
per  from  the  solution  of  the  sulphate — even  lead,  which,  though  it  pic- 
cipitatcs  the  copper  slowly  at  first,  cea.^es  to  do  bo  as  iioon  as  its  suvluea 
ia  covered  with  that  lUiital.  Tin,  which  exerts  a  stronger  chemical  uctiou 
on  the  solution,  and  is  itself  dissolved  at  the  same  time,  does  not  yield 
intpressLous  of  equal  sharpness.  The  noble  metals,  copper,  typc-mttal 
(lead  and  antimony),  and  fusible  metal  (2  parts  bismuth,  1  tin,  and  1 
lead),  are  peculiarly  well  adapted  for  the  purpose;  bra^,  ou  the  contrary, 
is  not, — because  the  reduced  copper  is  not  easily  separated  from  it,  and 
when  separated  is  fouud  to  he  coated  with  a  film  of  brass.  When  tbe 
copper  1.^  reduced  on.  an  engraved  cop[>rr  plate  the  separation  is  easily 
cfl'ected,  provided  the  lines  are  not  too  deeply  engiiivod  or  under  cut, — and 
the  engraved  plate  is  not  spongy,  porou*,  or  lametlattd  chi  the  surface,  has 
no  bleniishee,  aa  they  are  called, — and  the  newly  formed  plate  is  of  a  proper 
thir knees.  When  these  conditiocB  are  fulfilled,  tlie  reduced  plate  8«P*- 
ratos  almost  epontanooiialy  as  soon  as  the  edges  are  tiled  away.  Thft 
plate  to  be  engraved  is  best  formed  by  galvanic  action,  iuasmuch  m  the 
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reduction  of  copper  on  a  pUte  previously  sronod  and  polished  takes  pUflo 
with  extreme  slownefs.  fcfucli  ft  plate  requires  no  grbding  or  |K>lisbing; 
and,  in  conseqaeoce  of  its  hoQiogeneity,  the  copper  reduced  on  iu  surfaod 
after  engraving  may  be  easily  separttteJ.  Since,  oa  ordiuary  copper 
platea,  the  adhesion  on  some  parta  of  the  surface  is  so  strong  that  the 
reparation  cannot  be  effected  without  injury  to  the  original,  it  is  nec«»> 
sary,  before  commencing  the  process  of  redaction,  to  cover  the  engraved 
plate  with  su  cxtreuiely  thin  layer  of  grease.  For  example,  it  may  be 
covered  with  melted  stearic  acid,  which  separates  cumpletely  after  cool- 
ing, but  leaves  a  trace  of  ^resiee  (prubiihly  oleic  acid),  in  a  very  tiiiely 
divided  state,  on  the  plato  of  cop|>€r.  The  t^ubaequent  sepnration  i>f  th$ 
reduced  copper  is  also  greatly  facilitated  by  silvering  or  giiJiiig  tli« 
engraved  plate  before  coiiimencing  the  electto-tvpe  process.  Gilding  in 
the  wet  way  is  bvst  tulaptoJ  for  the  pt)r]ioM.  PJowii  of  copper  stammd 
with  the  die  may  also  bo  used  as  niodela,  provided  U»ey  are  not  uudor- 
worki-d.  Further,  if  an  engraved  copjier  plate  be  preased  under  a  rolling 
press  on  a  leadcu  plate,  copper  may  ho  rednted  on  the  latter  by  the 
electrotype  process,  and  perfectly  sharp,  exact  copies  thus  obtuiuml. — The 
P&rts  of  the  model  which  arc  not  to  be  covered  with  copper  are  previously 
coated  with  wai  j  so  likewise  is  the  conducting  wire,  »o  far,  at  lesist,  ajs  it 
dips  into  the  sotutton, 

B.  The  non-couiiuetora  used  aa  models,  are  wood,  gypsum,  porce- 
lain, sulphur,  ^aling-wax,  stearic  acid  [this  appears  to  he  what  Jacobi 
means  by  j^tearinel.  Gypsuu)  muEit  be  soaked  m  a  hot  tnixturc  of  steario 
acid  and  wax,  till  it,  no  longer  gives  out  air-lmhbles.  Casta  of  istearic 
acid  are  much  sharper  than  thoae  of  gypeuiii.  Tu  give  Lliesc  modehs  a 
conducting  surface,  a  qujiutity  of  plumhago  h  rubbed  up  with  the  water 
to  a  fcmiduid  consistence,  and  spreud,  by  meauii  of  a  hnitili,  on  tho<Mj 
parts  uf  the  model  which  are  to  be  coppered;  after  dryiog,  the  superBu- 
oua  plumbago  is  rubbed  off  with  a  dry  bru>ih.  Or  the  plumbago,  in  the 
state  of  dry  powder,  may  be  rubbed  uu  the  model  with  a  biuidi  slightly 
moistened  with  oil.  Since  the  couting  of  plumbago  conducUJ  hot  imper- 
fectly, the  defjosition  of  copper  is  most  abundant  ut  the  point  where  the 
plumbiigo  touches  the  conducting  wire.  It  is  therefore  advantageous  to 
place  a  thin  strip  of  lead  or  copfwr,  connected  with  the  conducting  wire, 
close  round  the  surface  to  be  coppered.  The  metal  must  also  be  placed 
jn  a  horizontal  posiduu. — -When  a  great  degree  of  malleability  is  not 
desired,  the  growth  of  the  layer  of  topper,  wheu  it  has  once  begun  to 
form,  may  be  accelerated  by  btrewing  copper  filings  on  it,  which  become 
iatim.itcly  niJated  with  the  reduced  copper. 

The  elertro-typc  proceja  is  applicable  to  copiKT-plnte  engravings, 
medals,  (stereotype  plates,  ornaments, — and  likewii>e  to  making  blocks  for 
printing  calico  and  patterns  for  paper-liaugiug.  (Jacobi.) 


Methods  of  others. 

Aj^aratut  and  Li^iids, 

Sjienceri  Apparatua,  A  cylinder  of  glasa,  wood,  or  glazed  cartheii' 
ware  (having  a  rim  at  the  bottom  for  retaining  the  gypsum),  is  closed  at 
tha  lower  end  with  a  diaphraguj  thrfQ  quarters  of  an  inch  thick.  It 
(contains  zinc  immerised  in  a  solution  of  common  salt,  and  is  it,sclf  sur- 
rouuded  by  a  solution  of  sulphate  of  copper,  which  contaius  the  body  to 
W>  coppered.     The  operatiou  succeeds  best  when  the  surface  to  be  cop- 
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fMitd  is  of  tlie  Bame  h'izq  as  tlio  ziitc  earfitec,  and  that  of  tlie  gy])suin 
greater  tLan  csitLcr.  The  zinc  is  freqaeatly  cleansed,  ibe  salt-solutiun 
oceasionally  reuewed,  Wlieu  the  process  h  continued  for  some  time,  the 
copper  KulatioQ  must  likewise  be  renewed;  utherwiae  the  sulphuric  acid 
which  is  set  free  prevents  iho  precipitated  coppsr  from  ossuniing  a  solid 
coHsSistetice,  and  couverta  it  into  a  browu-red  powder;  in  such  a  case,  the 
c«pper  muet  he  cleaned  with  very  dilute  nitric  acid.  The  formation  of  a, 
hyor  uf  copper  one-eighth  of  an  inch  thick,  takes  eiglit  or  ten  days. 
(S|>encer.) 

Botttfers  Apparatitt.  A  cylinder  six  inches  high  (f.^.  a  larap-glasa), 
open  ai  top,  and  tied  round  at  liottom  with  a  thin  jiiccc  of  bJadJer,  ia 
fitiiik  to  one-Lalf  its  depth  in  a  soniewhat  wider  cylinder,  and  fixed  in 
this  poaitioii  by  uieana  uf  ihreo  fork-shaped  ignited  copper  wirea.  In  the 
lower  cylinder,  two  and  a-haJf  or  thee  inches  from  the  bladder,  is  placed 
a  ring  uf  uniguited  copper  wire.  The  model  in  laid  upon  a  ring  of  unig- 
nitod  copper  wire,  placed  in  the  tower  cylinder  at  the  distance  uf  two  and 
&-half  or  three  inchea  from  tlie  bladdefj  and  tenuinatinw  in  a  wire  which 
passes  lip  the  aide  of  the  lower  cylinder — then  down  the  inner  surface  of 
the  upper  cylinder  to  within  threo  lines'  distance  from  the  bladder — and 
there  forme  a  ring,  on  which  the  zinc  plate  in  laid.  The  whole  enrface 
of  the  copper  wire  in  the  lower  cylinder,  with  the  exception  of  the  ring, 
13  covered  with  sealing-wax,  to  prevent  unnecessary  precipitation  of  cop- 
per. The  lower  cylinder  ie  tilled  with  solution  of  eulphate  of  copper, 
saturated  in  the  cold  (which  need  not  be  pure,  and  may  contain  a  lar^o 
quantity  of  sulphate  of  kSuc),  and  contains  some  crystala  of  the  samo 
aalt.  The  upper  cylinder  contains  a  tliick  plate  of  zinc,  partially  amal- 
gamated and  <jf  tLe  same  width  us  the  cyliudLT,  together  with  a  mixturn 
uf  I  pait  t)f  oil  of  vitriol  and  10  parts  of  water.  It  is  ininier^od  to  the 
depth  uf  an  inch  or  two  in  the  solution  of  sulphate  of  copper. — Every 
tweutyiour  hour;*,  the  npjjcr  cylinder  together  with  the  wire  is  taken 
oat  of  the  lower  vessel,  the  copper  fiotution  in  the  latter  stirred  up,  and 
eupplied,  if  necessary,  with  fresh  crystals!  (or  it  is  saturated  every  two 
daytj  with  sulphate  of  copper  at  a  boiling  heat,  and  filtered  through 
linen  when  cold):  the  acid  jn  also  changed,  and  the  zinc  plate  cleaiietl  or 
renewed.  In  the  counse  of  a  week,  a  deposit,  one  or  two  lines  in 
thickness,  is  obtained.     (R.  Bottger,  Ann.  I^/iantt.  35,  210,) 

In  Jacobi's  apparatus  A,  the  deposit  of  copper  is  more  uniform  and 
pure,  when  the  model  is  placed  upright,  than  when  it  lies  in  a  horizontal 
poaition.  It  is  not  only  witeii  the  solution  of  eulphato  of  copper  is  too 
weak,  tljat  the  metal  is  depoBited  in  a  pulverized  state,  but  likewise  when 
the  surface  on  which  it  Js  deposited  is  too  small  in  proportion  to  that  of 
tbc  line.  Two  or  three  models  may  be  iuiuacrscd  in  the  copiH-r  Bolatioa 
at  the  same  time.  If  the  copy,  after  separation  from  the  model,  be  im- 
mersed for  a  short  time  in  the  copper  solution,  the  einc  connected  with  it 
remaining  at  the  same  time  in  the  acid,  the  copper  thus  deposited  on  the 
surface  of  the  impression  gives  it  a  beautiful  soft  silky  lustre.     (Solly.) 

In  Jacobi's  apparatus  A,  the  copper  wire  attached  to  the  zinc  must 
lie  amalgamated,  a*  far  a*  it  dips  into  the  solution,  to  prevent  the  evolu- 
tion of  hydro^'cn  gas  upon  it,  by  which  part  of  the  action  would  be  lost. 
(Botlcy,  Ann.  PAaitn,  HI,  20«.} — Boquillon's apparatus.  (/.  P/taittt.  27, 
216.) 

Smoe  {FhiJ.  Mng.  J.  16,  550)  prefers  Jscobi'a  appamtus  B  to  tho 
Biwiple  galvanic  circuit  A.  Ilo  however  uses  in  connexion  with  it  a 
trough  battery  vontaiuiag  from  two  to  eix.  paire.     Along  the  bottom  of 
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the  ileeompogtng  oe]]  Slled  with  sulpfaato  of  copper,  th«ro  ran* 
on  (fbicb  are  plftc^  a.A  luany  tnodols  ^n  may  lie  desired;  nprl  tli««c  ciMl  b( 
tak<<n  out  acpanU^ly  autl  replaced  by  new  onvR,  without  diaturbiit^  Um 
rest.  TIm>  poaitire  wiro  passM  orw  t«  a  larffo  tti«t>e  of  f*oj)per,  wUdi 
dips  tnt<i  tho  coppvr  jjoitition.  From  nitrate  vf  mpppr,  tfiA  in<?(ai  ji 
dflBOntoU  tiiore  r^uickly  but  iu  a  muro  brittle  ooadition,  limn  front  ih 
mlpluUo. — JoriJftD  {Phil.  Aiaif.  J.  19,  452)  abu  prefom  apitaratiis  H, 

Ib  ordor  to  neutrality  tb«  froo  sulphuric  acid  whirb  aocuinul&tei  b 
tho  copper  snJiitioii,  iiud  iit  llio  same  time  to  keep  tbe  iii|aid  aatnraMiI 
with  lulnbate  uf  tropper,  siiidl  bugs  filled  with  oxt^lo  of  copp«r  ara 
tti!)p«uik<a  in  tbfl  Moiulion, — Tlio  coatinw  of  copjver  i»  tbipkewt  exarttrat 
Ibo  point  which  i«  fiirlhMt  fruiu  tbt<  cunductin^r  wire,  w!jetht?r  tbc  moiti 
be  pWcd  upright  nr  lioritontally, — and  in  ihp  former  case,  whether  the 
Cf>ndii(-titig  wire  he  attached  to  the  Upper  or  tuvrcF  end  of  the  toodsL 
For  this  reitson,  it  ia  iieccBsary  either  to  h»ve  two  vondaetiog  wires 
fixe<Ji  oil  op[HMilo  aulen — -or,  if  a  single  wire  be  used,  lu  cb&Dge  its  fwiil 
of  Kttaohtneitt  from  time  to  time.  Sometiroe-s  atrtiaky  dcpo4tti»  of  copper 
ikTc.  prodntwd  on  thn  further  ndc  of  the  model,  even  when  tho  curmi 
is  rcry  tmtit.     (Gcrlnch,  J.  pr.  Vkem.  24,  180.) 

Enyramd  Copper-plates,  An  engraved  copper- plat«  is  mrpfnllr  r^I^ 
b«d    with    olive-oil,    then    clcnuecl   itnd  put    into   tho  a.pp;i'  'idjr 

dMoriWd  (i».  .'ii)S>, — which  must,  however,  be  of  hug«r  din  ana 

in  which  thn  p|iit«i  it  four  iiioh«s  distant  from  tbc  hlndder.     AU'.<r  ten 
iaij%  tlio  double  plst«  is  takea  oat  and  fixed  in  m  ricr,  and  the  rdgn 
ind  »U  rotnd,  till  the  bnnndmnr  line  betweeD  the  copy  sod  the  on- J 
|liBAl  Imooom  »p|MU««t;  tb«  Mai^e  of  a  pockot-knifo  is' then  <«r«f«iU^] 
naarttd  lMlw«eo  thMi,  %  thin  horn  spatula  introdaced  into  the  tplttj 
t3kn»  SMwle,  Mkd  bj  newia  of  this  the  platen  are  completely  sepftraled^ 
The  rereraad  ei>py  thas  obtained,  of  the  thickne^  of  huLf  a  tine,  ia  d< 
villi  oanstie  potash,  then  nibbed  with  olire  oil,  and  the  oil  removed  witkl 
rmtj  anft  UoUing^paper,  with  the  asaietaaoe  of  a  brnah.     The  i 
«0^  is  thoa  mbjeeted,  in  the  s*me  manner,  to  the  galvanic  prooeas  bt\ 
knrttm  dajs:  aoolhev  eopiy  m  that  obtained,  easily  separable,  aimilar  ia' 
wmj  rw|n>ct  to  tlw  ort|pRal  plate,  and  ginnj;  peiiectly  similitf  inipi«»i^J 
tinmtL     BMlgar  svecevsilfd  pcrfvetly  to  iSda  pr»«ea»  with  •  |daie  twelve f 
iaobea  lii^  ami  nine  imIm*  wafe.     (fivp.  54,  aOO;  alao  J.  pr.  CAem.  ISf 
lit.) 

la  di'^t*  that  th«  miawij  eoMcr  mj  sef«f«te  with  faeUily  fixiia  ' 
Ofifiaal  phti,  IIm  lallar  b  pwnaaslT  rabhnt,  while  wann,  writli  ydl 
vitx  ndwd  with  a  aanB  qaaatitjr  «f  tiit]Matiae,  nui  the  wax  wif 
vIeaB  off  after  tha  plata  Ibas  vtML     Wkea  lb«  ptMtaitation  of  the  ropperl 
is  c«aiflaK  t^  Mck  af  Usa  rdbeed  flale  ia  liaalaa  «rer  a  epirit-lasnp;' 
h  iWa  afMuatoa  MMaAaMaarijr  *idi  a  Jaawpilati^  boisbl     Tb«  pM«  < 
Ikaa  akaiaU  is  iLm  ItmM  with  «ax  ia  Uw  mma  tDttatMr.—nd  m 
aa.   ^WMvr.)— -Max,  Daita  cf  Lcacktaabcff,  i«ba  aehed  ataarie  adJ 
talai))*  f^KK  aad  «ifaaii«ffafaia  villi  Baea. 

•bee  the  rahMaf  ia  af  fi«aa»  lata  tha  pM*  Bay  aWlanUe  Use  liaa^ 
ttha  !««<«»  af  aiKwaf  (ima— iialil  bj  Jaoohi)  la  t»  Im  pnfcmil. 
Thf*>  fifeaia  Is  4^taA,  §»  tm  awawasa,  lata  a  aalatiaa  af  cUarida  of  aihrcr 
ia  fjiwwafaa  <aK  «a4  vWa  Aaa  tliglihr  iflaws4  tha  alaat  at  riipjaf  «a 
this  sai<tww  Wsair  nfila«<  hr  saNw^— it  ia  iaft><s4aeel  iala  aa  iMialmi 
K)t«>  ll»4i  ^  tMUwr     laanoii  el«  wiyafnpf  »  viia,  havatai;  Ilie  fhJtfi 
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witli  Wftx,  with  the  exception  of  *  spatie  abont  half  ftn  inch  wid«  all 
roun<]  the  plnte  which  lies  upon  it — preveota  the  deposidon  of  copper  over 
Ujc  odge  of  the  original  plate.  The  «trip  of  cjoyiper  pftssing-  upward*  is 
wrewcd  to  a  strip  uf  lead,  which  lies  upon  tho  zinc  plutu  fiDil  ix  kept 
upon  it  hy  nieauB  uf  weights.  Tbia  arraDgement  fapiliuileg  liio  dfuning 
of  the  zinc  plate.  The  rcveraed  plate  is  finiEhed  m  mx  or  ci{|lit  iiay$, 
A  pUte,  siinihir  to  the  ori^initl,  is  prepared  from  it  in  a  itiniilur  niaiinor. 
(Kobell,  FdtiUchn,  J.  77,  68;  AUg.  Zeit  1H42,  No.  54  Bell.;  tw«/i.  Mui 
Hers.  V,  Leuchtenberg,  j.  pr.  C/tem.  23,  143.) 

Au  engraved  voyty  may  he  uhtainud  from  a  ecnooth  copper  pltito,  by 
dmwing  oa  the  plate  with  thick  varaiah,  and  then  coating  it  with  cop- 
per  by  mean.'*  of  tiio  battery.  Tlio  copy  thus  obtained  may  bo  used  to 
prill t  from;  but  the  depreHsiona  ar©  shallow,  and  do  not  rptaiii  the  ink 
well.  (Smoo.) — Tho  drawiujf  Is  beat  made  with  a  eolotiou  of  piiiiinjoti 
rcfiin  ill  oil  of  turpentino,  mixed  with  Venetian  red,  mineral  blofk,  and 
other  niineral  colours.  When  thiti  ink  bas  been  put  on,  the  plulc  i»  atl- 
▼ered  in  the  manner  already  deM^ribcd,  and  then  treated  by  tho  I'leelro- 
ty]je  procea^.  Tlie  ci^ppor  is  deposited  on  the  ink  as  well  aa  on  the  unco- 
vered portions  of  the  surfiice,  partly  because  the  copper  uiidernt>ath  act* 
through  tlie  ink,  and  partly  by  gradual  growth  from  the  side.  Frtnn  the 
plate  thus  obtained  a  reveracd  copy  ia  made,  and  from  thia  cnpics  similar 
to  the  origlaal  may  be  obtained,  a»  many  as  may  be  desired.  (Kobell, 
AU(r.  Zeit.  1842,  No.  S4j  J'ofj;j,  5i,  30:?). 

To  obtain  a  copper-plate  with  raised  lines  fit  for  printing,  »  flat  piat^ 
IB  covered  with  a  coat  of  wax,  and  the  linea  etched  upon  it.  The  expovwi 
part  of  the  copper  is  then  subjected,  for  a  fihort  lime,  to  tba  Mctioa  of 
nitric  acid  diluted  with  three  parts  of  water  {without  this  pruriuiiei  treat* 
ment  with  acid,  the  dei>OBited  cop[»er  would  not  atihcro  fimdy.  The  plato 
iM  then  submitted  to  the  electrotype  prucet<t>,  the  reduced  eopper  ground 
smooth  with  pumice-stonp,  and  tho  wax  removed  by  wanning  and  rubbing 
with  turjwntinc, — Or  an  engraving  is  made  on  lead  or  typo-motui — nil  tha 
line«  being  of  equal  depth  and  flat  at  the  bottom — and  from  this  an 
electro-lypc  copper  plate  is  formed,  which  may  be  used  for  priuting. 
(Sp«n(H>r.) 

Metattic  Modelt.  The  best  material  for  taking?  impreoaiont  in  an  alloy 
of  8  partd  hitimuth,  8  of  lead,  and  3  of  tin.  whlL-b  melts  at  lOT'o"  C,  or 
225'5'^  Fah.  (Rose's  fuaiblo  metal  produces  a  crtarse-grnined  niaee  on 
coolinjr,  and  does  not  give  equally  sharp  improDaions.)  This  alloy  is  fused, 
poured  into  a  perfectly  drv  paeteboard  tray,  at  least  three  linoa  in  depth, 
•tirre<l  with  a  hot  iron  rod  till  itit  aurface  is  free  from  oxide  and  nir  hub- 
bies, and  left  to  coul  to  a  sFUiiOuld  consistence.  The  medal  or  cuiig  is 
then  heated  till  it  oan  scarcely  be  held  in  the  hand,  then  quickly  laid  on 
the  alloy,  and  presaeil  firmly  and  continuously  on  it  by  meaiiB  of  a  hniad 
cork  faitened  to  a  handle,  till  tho  m^sn  baa  Womoi  tolerably  cool.  (R. 
Biritger.) 

Impreseions  of  steel  and  copper  engrnvioga  may  be  taken  with  Rom's 
fuaible  metal,  by  placing  tbo  alloy,  juat  a6  It  befjin*  to  twd,  utid»r  »  ¥«*>. 
tically  acting  pre(K>,  and  Iwvtng  it  there  till  it  is  cold.  The  ekctro-tym 
pUte  formed  upon  this  alloy  i«  easily  separaled. — If  tho  TOp]>f>r  is  to  bo 
prectpitateil  on  the  original  piato,  tho  latter  must  be  well  rubhod  with  oil, 
Slid  then  carefully  clc:in9ed,  these  operations  being  repeated  several  Itmet, 
(Miwehand.  J.  p'r.  Chna.  23,  4 60. J 

1/  OmU  of  silver  and  gold  obj«ota  be  vnade  in  fusible  metal,  tha  06p|i«r 
reducod  upon  them  ha»  a  white  or  yellow  tint  on  it«  shcSk*.  (6oUy.> 
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Good  tsMta  may  also  be  made  with  melted  lead,  as  reoommended  by 

Bpcnccr;  but  thfl  normal  pklos,  wfacu  rather  thiiij  become  oxidated  ftHiT 
dUlorted  by  the  heat  which  this  metal  requires  tw  fust<  it 

A  plate  of  Jeail,  which  niu^t  bf  pfrfet'tly  clean,  txuiy  ai*o  W  laiil 
tho  engraved  copper  plate  ami  stibjoi:tfcd  lo  the  acttou  ul  a  very  powerful 
press.     For  medals,  whicb  may  be  plawd  between  two  plaies  of  lend, 
viet*  is  eiifficient.     Impressions  even  of  wood-cuts  may  I'e  takeu  iu  l^tl 
For  this  purpose  roll<}d  lead  roust  bo  used,  not  east  lead,  which  is  mor 
8olid.      The  impressions   are  very  sharp.     When   the  copper  has   beu 
reduced  apou  the  lead.,  it  may  be  separated  in  a  few  ^ecoads  by  heatin| 
the  hinder  surface  over  a  spirit-lamp,  the  separation  being  tfflect©«i  by  '^ ' 
difference  of  expansion  of  the  two  metals.  (Spencer.) 

Bottger  lays  ujiun  the  medal  thin  sheet  lead,  freed  from  grease  by 
means  of  cauEitie  polash,  tiurrouuds  the  whole  with  well-moisteued  paste- 
board, and   »ubmit«  it  to  the  pressure  of  a  vice,  ti  presn,  or  a  hea»yj 
hammer.    To  keep  the  lead  plate  from  bending,  it  is  fastened  with  wax  ; 
three  points  to  a  thicker  lead  plate,  and  then  subjected  to  the  electi-otj 
process,     Scparatiou  is  easily  effected, 

jVo«-co7i(/«rft7t^  MwtiU,     Stearic  aeid,  spermaceti,   wax,   colophony/ 
isinglass,  &c.  serve  for  eeiitss  and  f^emg  which  do  not  austain  a  high  temjie- 
ratiire.     Finely  pounded  jdumltajjo  is  rubbed  in  with  cotton  or  laid  on 
with  a  brush ;  the  impression  ia  however  not  so  sharp  as  wLeu  a  metallio     j 
alloy  is  uscil.  (liuttger.)  Wk 

Ti)  give  a  conducting^  surface  to  plaster  eastii,  paste  modek  of  gent^^l 
earthenware  articles,  wood-cuts,  ^c,  spencer  {Potfr).  51,  376)  wets  them 
with  silver  solution,  and  exposes  them  under  a  Ijcll-jar  to  the  vapour  of  a     , 
eoluttoTi  of  phosphorus  in  titcohol,  other,  or  oil  of  turpentine,  conlaiue*!  idfl 
a  watch-glass  placed  npou  warm   sand,     Reduction  takes  place  in   two'V 
minutes.     Purous  objects  may  likewise  bo  moistened  with  gold  solution, 
and  tlie  gold  reduced  by  siilphuroiia  acid  gas.   (Spencer.) — The  reduction 
of  silver  in  this  mtiuncr  is  however  tedious  and  irregular.     Bottger  there- 
fore {Ann.  Phaiin.  33,  180)  recommends  the  process  of  heating  a  few 
grains  of  phosphorus  with  alcohol  und  a  small  quantity  of  potash,  and 
atlmitting  the  non-inflammablo  phosphurctted  hyilrogini  gaa  thus  evolved 
into  the  apace  in  which  the  plaster  cast,  wilunited  with  Kolutton  of  silvcr> 
and  still  moist,  is  situated.     Reduction   takes  place    instantly. — Klsoe: 
(J.  pr.  Chna.  22,  34tiJ  mixes  up  finely  powdered  gypsum  with  tillered 
eour  whey   instead  of  water.     The  cast  thus  obtained  is  covered,  afte^l 
drying,  with  solution  of  stiver  and  exposed  to  sunlight ;  it  then  usiinmea 
a  brown  colour  from  reduced  silver,  antl  is  well  adapted  for  the  depo- 
eitioii  of  copper. 

To  obtain  casts  of  fignrea,  the  fig*irc  formed  of  stearic  acid  is  covered 
with  plumbaf^-o  and  coppered  in  Jacobi'a  apparatus  B,  The  stearic  acid 
is  then  melted  out,  a  bladder  containing  zinc  and  dilute  sulphuric  acid 
siiB{>CQded  in  the  hollow,  tlio  remaining  space  filled  with  solution  oP 
sulphate  of  copper,  and  the  zinc  connected  with  the  copper  njould.  After 
a  few  days,  the  outer  mould  may  be  separated  from  the  cast  formed  within 
it.  (Max.  Herzog  von  Leuehienborg.  J.  pr.  Ckem.  L>3,  14G.) 

Since  cop})cr  iil)tit!n(>d  by  the  electrotype  process  soon  tarnishes  on 
ei]io«ure  to  the  air,  becoming  sometimes  yellow,  sometimes  rod,  Folly 
lecoUimends  that  it  be  heated  to  redness,  wiierphy  it  will  aciiniro  a  rmiforiri 
and    permanent  grey  tint,    intd   when   -I  *     .led   will    be   perfectly 

ductile. — Copper  precipitat^ed  bv  t'alvitni-  ■■ak^,  on  beintr  bent,  nt 

the  same  angle  aa  caat  cop]  ■  ilod  and  slowly  cooled. 
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it  ii  SLS  flexible  as  sbeet  copper.  [Spencer). — Copper  obtained  by  galvanio 
action  is  very  hard  and  brittle,  even  when  it  has  btcii  pi-ecipilatctl  ly  a 
?ery  feeble  electric  ctirrerit.  By  i^Tiiticin  it  becomes  perfectly  soft  and 
W4»lleab1p,  bnt  at  the  same  time  it  unilerfroes  cmisiilenible  expnnsion,  so 
that  a  strip  of  galvanic  copper  5|  inches  long  is  leiiellicned  a  quarter  of 
an  inch  after  ignition  aaci  conlin|{,  an  expansion  whiclj  amounts  to  -j'-y  of 
ita  len^h.  Hence  the  copy  of  an  earfraveii  plate  must  not  be  iguited, 
particularly  as  the  expansion  might  be  unequal  in  different  directions,  and 
a  diHtorted  picture  would  consequently  be  priMluced  ;  another  ohjection  is 
that  the  greater  softness  of  the  ignited  copper  would  diininisli  the  number 
of  impressiouR  that  could  Iw  taken  from  it.  But  if  the  plate  be  heated 
only  to  the  temperature  of  melting  ziuc  (about  227°  C.  or  ilJOT.)  it  will 
not  be  injurcfl,  but  merely  ho  far  deprived  of  ite  brittleuess  us  not  to 
break  under  the  press.   (Gcrlach.) 

To  obtain  eloctrotyjie  impregsions  and  copjKT  plate  engravings  from 
a  Daguerreotype  picture  (p,  ITS'),  the  fullowiiip  process  is  adopted.  Th© 
plate  on  which  the  gun-picture  is  formed,  is  covered  on  the  hack  and  edges 
with  shellac  Tarnish,  with  the  exception  of  one  spot  on  the  edge  to  which 
the  conducting  wire  is  afterwards  to  be  attached.  The  same  treatment  is 
upplifil  tti  a  platinum  plate  of  equal  size,  whicli  is  coated  with  pulverized 
platinum  iiy  Smee'8  method  (p.  41fl),  in  order  that  the  hydrogen  gas  ma7 
be  more  cnJsily  evolved  and  not  accumulate  in  large  buiibles;  for  thta 
would  weaken  the  galvanic  action  on  the  opposite  part  of  the  sun-picture. 
The  two  plates  are  disposed  parallel  to  one  another  and  two  inches  apart, 
in  two  grooves  of  a  wooden  frame,— and,  together  with  this  fitmic,  dipped 
vcrtiailly  into  a  mixture  of  two  meapures  of  hydrochloric  aci<l  and  ono 
nie&stiie  of  water  (sp.  gr.  11),  The  electric  current,  which  acts  upon 
tbeac  two  plates — of  which  the  Daguerreotype  plate  plays  the  part  of 
nnode  anil  the  platinum  plate  that  of  cathode — is  produced  by  a  eingle 
p4iir  of  Grove's  battery — nine,  dilute  sulphuric  neid,  concentrated  nitrie 
acid,  and  platiuuni  (p.  422)-  The  zinc  and  platinum  plates  of  the  battery 
must  Im  of  the  same  size  ns  the  Daguerreotype  plate.  The  circuit  is 
closed  by  means  of  two  platinum  wires.  The  platiuum  wire,  proceeding 
from  the  platinum  plate  of  the  exciting  cell,  is  pressed  upon  that  point  m 
the  Bun-]iicture  which  is  not  covered  with  tshellac-vaniish,  and  the  wire 
proceeding  from  the  ^inc  plate  simultaneously  preflscd  upon  the  uncovered 
spot  of  the  platinum  plate,  an  assistant  noting  the  time.  The  action  is 
completed  in  an  interval  of  time  varying  fruni  twenty-five  to  thirty 
Becomla  (with  other  galvanic  apparatus  the  time  would  be  diflercnt).  The 
frame  is  therefore  taken  out  after  twcnty-fivo  seconds,  the  plate  washed 
with  pure  water,  and  if  the  aetioti  'm  not  found  to  be  quite  complete,  again 
eabmilted  for  a  few  .seconds  to  the  electric  current.  The  plate,  after  Ijcin^ 
washed,  is  laid  in  a  H.it  box  containing  very  dilute  solution  of  ammonia, — 
the  picture,  which  is  of  a  brow  n  colour,  being  turned  upwards — and  the 
picture  gently  rulibcd  with  soft  cotton  till  all  the  precipitate  is  dissolved. 
The  jdato  is  thon  immediately  takcu  out,  washed,  and  dried. 

The  he.*t  mode  of  ui^tnjtr  a  plate  thus  treated,  is  to  take  electrotypo 
copips  fnini  it ;  auy  required  nnnjber  may  be  obtained,  and  all  very  exact. 
For  printing,  tlic  plate  is  not  nn  well  adapted;  for  if  it  be  fo  slightly 
etched  with  liyilrocliloric  .-Mjid  us  not  to  obliterate  the  finer  tonchc",  the 
printing  ink  will  not  hold  well  in  them,  and  the  impressions  uhtainecl 
will  be  imperfect;  and  if  the  acid  has  acted  more  strongly,  the  ink 
(ulhercs  well,  it  is  true,  but  the  finer  traits  of  the  sun-picture  are  destroyed. 
; — A  Daguerreotype  plate  may  indeed  be  directly  treated  by  tbo  electro' 
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lyp*  TptoeeM  wil!iMit  pWTiouBly  «ibj«^ioj8;  U  to  the  notion  of  lyidfoeblori* 
acid  in  tlio  clwtric  oiiruit ;  hiil  such  trpatmpnt  rit'Ms  only  a  single  ▼My 
faint  imprM^fon. — and  in  tnking  tlii?,  tlie  nriginal  is  destrored.  (Or 
Phil.  Ma<^.  J.  10,  24T;  20,  24:  iibo  J,  pr.  Chtvt,  «5,  S9J.) 

Theort  op  Galvaxism. 

1,  In  1700,  Gftliratii  disoovewJ  tlial  (lie  exjxiswd  ttiiisr^lcis  of  livioj 
Rtiimiile  an*  thrown  into  t^tmvulsioiis  l>y  contai'i  with  Jitrerctit  nietoie,  ana 
he  etideaTourcd  to  pxplain  tliis  phenomenon  by  aseuniins  tho  pxistence  ol 
»  peculiar  kintl  of  eJcctricity,  wliich  he  called  Aniiii&l  Electricity.  Volt 
McribeJ  the  phenomenon  to  common  electricity,  which  he  BUjtpoefid  to 
developed  by  th«  conlart  of  cjiaaimilar  metals.  This  he  enilciivonre-d 
prore  by  his  Fundamentrd  Erprrimenti,  ia  171)6.  In  1800,  Ue  invenlc 
the  pile  called  after  hia  name — an  iiiatTUmeat  to  which  clieraistrv  wa«  inut 
indebted  for  the  most  important  ndvancos.  Aocowling  to  Vftltn'^a  Coiit 
theory,  Galvanism  or  Galvanic  Electricity  ia  produce*!,  not  by  chemic 
chatigee,  aa  ha.s  been  aatsumed  in  tho  present  work  (pp.  328. ..430),  ba| 
solely  in  coaaequencc  of  the  contact  of  drft^imilar  cnDdiicting  hodlee.  Oj 
this  gnpposition,  Contact-electricity  tnkcs  the  place  of  Chemical-ol«!lridlj 
The  Ifadinjr  principle*  of  Voltn's  thoory  are  as  fallows. 

When   two   disi^iuiilar   ronductor^,  f.ff.  tiuc  and   copper,  touch  on* 
another,  a  very  smiiU  quantity  of  positive  oleclricitv  ptiBses  from  th< 
copper  to  the  imc  and  an  equal  (juantity  of  negative  electricity  from  thi 
line  to  the  copper,  until  9,  certain,  but   always   very  email   electri< 
tension  is  attained.     In  contact  with  lead,  al«o,  sine  takes  p<«ilive  clc 
tricily  while  the  leiwi  takes  negative  electricity,  but  only  up  to  a  macfl 
lower  degree  of  intensity.     On  the  contrary,  when  lead  and  copper  nje  '\n\ 
contact,  the  lead  takes  positive  and  the  copper  ocarative  electricity;  but  in 
this  case  also,  the  intensity  is  les.'f  Ihnn  in  the  case  of  iinc  anJ  copper. 
In  accordance  with   this  view,  an  Elfclric  iierkg  or  Sfriex  of  Inlrtiniif  of^ 
cnndnrtors  may  be  drawn  up,  proceeding,  according  to  Volta,  as-  follows! 
Zinc,  leadf  tin,  antimony,  brass,  coppt;r,  platinum,  silver,  g»^ild,  charcoal,' 
graphite,   peroxide   of  nmn^rane^e.      (This   series   haa   since    underlain* 
several  alterations.)     Zinc  takes  po?itivo  electricity  when  in  cottliict  witll 
atlv  of  the  conductorB  above  mentioned,  and  is  therefore  tho  most  electT 
positive   of  tlicm    all ;    pcroiide   of  mann-ancse,   which   takes  nega,tiT« 
©loctncity  when  in  contact  with  any  of  the  metala,  is  the  mo»t  electro-, 
neffative,     Tho  othtr  conductors   are   electro-positive  toward-?  all  thos 
which    follow,    and   electro-ccfrativo  towards  all  which  precede  them 
tho  scrica ;  but  the  electric  tension  of  two  metals  ia  greater,  the  farther 
they  nre  removed  from  one  another  in  the  electric  series. — Volta  likewia 
supposes  that  a.  good  conductor  excites  electricity  when  in  contact  withj 
a  wiitery  liquid^  the  metal  taking  the  negative,  the  liquid  the  positive 
electricity. — When    two  metals,  rinc  and    copper   for  exiutiple,  are    in] 
contact  with  one  another  and  also  with  a  watery  linnid,  the  pusilivaj 
electricity  accumutatcd  on  the  zinc,  and  the  negaitive  electricity  aocumu- 
lalcd  on  the  copper,  nentraliie  one  another  throug'h  tho  medium  of  thvl 
liquid,— whereufKin,  positive  electricity  again  pa*soe  from  the  eonjter  to  tho| 
sine,  and  negative  electricity  from  the  zinc  to  the  copper.     These  quan« 
titles  likewiso  unite  through  the  medium  of  the  liquid,  andthua  a  constant 
current  is  kept  up,  positive  electricity  i  '  '  r  to  the^ 

sine,  from  the  zinc  to  tho  liquid.  Cl^uoi!  <  r  again. 

decompoflitious,  which  ui8jg|^|^iHHUIHIf  ''''"  I'^'^'^om,  arc 


THEORY  OF  GALVANISM. 


5U 


not  ite  cause  of  the  electric  current  as  we  huTe  liitberto  nlppcsffd  (pp. 
341...  345),  but  a  consequeoco  of  it. 

This  theory  of  contact,  to  which  maDy  of  the  mo«l  dirtinguiehcJ  ^ul- 
tivatnra  of  physieal  ecienctj  are  etiU  atlacherl,  reata  principally  on  Volta'i 
fundamfiitdl  Erpertvunin,  from  which  it  wouhl  appear  thitt  in  the  con- 
tact of  difsiniihir  metals,  even  when  no  clicinieally  acting  liquid  ia  prpsont, 
cJectrical  tension  is  developed.  But  even  if  the  greater  number  of  thew 
*xperiracot3  are  aasamed  to  bo  correct,  thoy  still  admit  of  another  inter* 
pratation,  in  accordance  with  the  supposition  thrit  chemical  action  i»  tha 
cause  of  the  electric  tenfion  pnjduecd.  A  few  erainples  \ri|l  porliaps 
m^t^  this  clear.  It  must  previously  ho  (itat*'(l  that  io  these  esiiorinients 
a  gold-leaf  or  etraw-haulm  electrometer  fitted  with  a  condcnaer  i.s  used. 
Th*  lower  plate  of  the  condenser  is  scrowfld  on  to  the  electrometer;  the 
M)|Mr  plate  may  be  removed  by  an  insulating  handle.  The  surfaces  of 
tne  two  plates  of  the  condenser  which  toucii  one  another,  are  grounrl  very 
smooth  and  covered  with  a  thin  coat  of  varnitih. 

Esrp.  1.  Both  platen  of  the  condenser  CDn^^ieit  of  zinc.  The  lower 
zinc  plate  is  touched  with  a  copper  plate  held  in  the  hand,  f  f  the  copper 
plate  be  then  removed  and  the  uppor  plate  of  the  condenser  subsequently 
niued,  the  electrometer  ebows  poajtivo  electricity  in  the  lower  line  plate. 
This  plate  hna  therefore  taken  positive  electricity  from  the  copper  pinte 
whicli  touched  it.  [The  oxidizing  action  of  the  air  and  of  the  moisture 
cnntaioed  in  it,  seta  negative  electricity  free  in  botli  itnc  plut'ee:  this 
negative  electricity  ia  carried  away  from  the  lower  sine  through  the 
copper  plate — accumulates  with  ao  much  the  greater  intensitv  in  tha 
upper  zim5  plate — and  gives  rise  to  a  transference  of  ponitive  electricity 
from  the  hand  tb rough  the  copper  to  tht)  lower  idul*.] 

Hrp,  2.  Both  platea  of  the  condcnao-r  consist  of  copper.  The  lower 
it  touched  hy  a  zinc  plate  held  in  the  hand.  On  «ub«ctjuontlv  removing 
the  itino  plate  and  raising  the  cover  of  the  cmideuaer,  the  cleetrorarter 
exhibits   negative   electricity.      C«n8et(uently,   negative    electricity  ItM 

IpuBsed  from  the  zinc  to  the  copper,  [Neff.ative  electricity  accumulates  in 
the  sine  which  is  in  contact  with  the  raiiiKture  of  the  hand  and  of  the  air ; 
thence  it  possea  through  the  hand,  which  is  an  imperfect  conductor,  into 
the  lower  copper  plate,  where  it  accunHilates  in  j|rre:vter  quantity,  in  con- 
pquence  of  the  condensing  action  of  the  cover;  on  the  removal  of  the 
pnrer,  Uic  accumulation  tihows  itself. 
Erp.  3.  The  condensiiig^  plates  are  nioilc  of  copjver.  A  >:lne  plate  )« 
soldered  to  a  copper  plate,  and  the  lower  plate  of  the  condenser  is  touched 
b  by  the  copper  plate^  while  the  sine  plate  is  held  in  the  hand.  After  the 
H  •eparation  of  the  copper  plate  n.nd  cover,  negative  electricity  shows  it«elf 
H  in  the  lower  plate.  [The  same  explanati()n  a£  in  Exp,  2,] 
H  A'jp.  4.     The  same  arranfjements  as  in  Exp.  3,     The  copper  plate  ia 

"  held  in  the  hand,  and  the  tower  ]itate  of  the  condenser  touched  liy  tha 
line  plate,  not  directly,  but  with  tite  interposition  of  a  piece  of  moistened 
paper.  On  removing  the  r.inc  plate  and  cover,  the  electrometvcr  fchows 
positive  electricity.  [In  conwijitenco  of  the  action  of  the  liquid  in  thu 
»er  on  the  Einc,  negative  eleetiicity  accumulate*  in  the  ssinc,  and  pcii- 
rc  electricity  id  the  liquid;  the  positive  electricity  \s  consequently  cnni- 
muiiii-ad'd  to  the  plate  of  ihe  condenser.] 

Tiiat  ainc  and  other  metals  iixidatc  in  the  air  at  eoTninon  tempemtHrei 

kpi\>Ted  by  their  tarnishing;  even  gold  and  platinum  become  slightly 

trniahofl.     An  extremely  alight  degree  of  oxidation  Is  sutficient  to  giro 

aridcnt  tugna  of  electricity.     (This  is  Uktwise  shown  hy  Faraday's  evpe- 
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riment,  p.  3* «J.)     Moreover,  a  certain  time  U  alflrap  reqntred  for 
>Di;  ttitf  roiuJenwr :  the  traneforcnt-e  of  electricity  is  not  momeatwj, 
tliia  layer  of  varalsli  does  not  protect  tlio  zinc  perfectly, — it  allowA  air  ' 
prws  tlirongli;  hut  the  thicker  the  coatinp,  the  mat^  iloes  the  developmonfcj 
of  electricity  rliminish,  tinnlly  ceasing  altfiyfther.  (De  la  Rive.) — On  tlir 
coolrary,  Fecliner  remarks   that  even    tbickly-vamislied   zinc   piatw,  t 
whicli  bra*«  or  platinum  i«  soldered,  give  llie  same  eleotricity ;  and  tha 
elwtricity  is  likewise  obtained  with  gold  and  paphite,  atid  irilb  silTer  j 
and  gnld!  but  not  with  g-old  and  platinum,  l>ecaase  these  two  metals  aiA 
too  iK-ar  to  OLIO  Jinitthcr  in  the  electric  series, 

Tli«  electrical  series  of  tnetala  corresponds,  for  tlje  titost  part,  to  their 
different  dcgives  of  affinity  for  oxyj^en  and  Bubstances  allit?d  to  it. 

The  stories  varies  according  to  the  nature  of  the  liquid  (viW.  pp.  351^ 
352,  333.  363,  304,  366,  374,  anil  375),  that  metal  whJcb  lia«  the  great 
tendency  to  combine  with  the  electro-negative  element  (orypeti,  sulpht 
&c.)  of  the  iB^ven  liquid,  always  ajijiearing  the  more  positive  of  llie  twoj 
and  the  rcversjtl  of  the  current,  which  sometime*  occiira,  always  con- 
spnnds  to  tlie  greater  tendency  which  the  other  metal  then  acquires 
appropriate  the  oxygen,  &c.,  of  the  liquid.  According  to  flic  chemic 
tliei>ry,  thcn^fore,  tlieexplaiiatiaii  of  these  phenoiuotia  is  self-evident;  bu 
if  we  .adopt  the  contact 'theory,  we  are  obliged  to  isuppose  thnt  diflcrenl 
liqntd.s  produce  varlons.  an<!  often  very  bi^b  electric  tensions  when  in  ccuM 
t,*i<H  with  difTcreut  metals, — and  that  the  tensions  thus  pradiic^?d  overcome 
that  whi^di  exist.*!  between  the  tvrn  nietali',  thus  giving  the  current  an  bthJ 
usual  direction.     But  the  cause  of  lhe.^e  differences  is  by  no  means ohvioua 

In  all  ea*ea  in  which  cliemical  action  is  absent,  there  Is  either  no  car 
rent  or  a  very  feeble  and  uncertain  one,  which,  as  shown  by  F»raday  nai 
De  la  Rive,  may  be  attributed  to  a  trace  of  impurity  in  the  liqut<l  or  titq 
nietjils,  more  especially  as  the  jcsiKiincu'^ter  used  in  such  erperimenta  ■ 
pofises'ed  of  extraordinary  acnsibllitv-      Why  is  it  that  gold  gives  no  ct 
rent  with  platinum  in  nitric  acid,  although  (bat  acid  is  a  good  conduciorl 
— and  why  does  the  addition   of  a  drop  of  hydrocliloric  acid  pruduco  I 
stroll^  current,  nmking^  the  gold  poeJtive)     Similarly,  platinum  gives  ut 
current  with  rhodium  in  nitric  acid,  but  l>ecome8  positive  on  the  addition 
of  hydrochloric  acid.    Palladium  gives  no  current  with  platinum  in  hydr 
chloric  acid,  but  becomen  positive  on  the  addition  of  nitric  acid,  Ike,  Ac 
(De  la  Hive.)     So  likewise  iron  and  platinum  in  solution  of  sulphurct 
potassium  give  no  current,  because  neitlier  of  them  abstracts  sulphur  fron 
the  lit|uid;  but  all  nictald  wliieh  act  in    that  manner  produce  a  currcnl 
(p.  373). — Lend  in  snlphuret  of  potassium  is  positive  towards  plalinuta 
when  first  inimcreed ;  but  after  two  minutes,  the  current  ceaisee  entirelyj 
because  the  le.id  becomes  covered  with  sulphuret — which,  though  it  i 
duct«  the  feeblest  current,  prevents  the  aece^  of  the  liquid  to  the  Ic 
(Faraday.)     In  all  cases,  the  metal  which  takee  up  oxygt^n  or  chlorine 
becomes  positive;  and  when  the  liquid  is  of  such  a  nnture  that  neither  of  J 
the  two  metals  can  take  from  it  any  element  of  that  dims,  no  current  is 
produced,  however  well  the  liquid  may  cunduct,— It  ia  remarkable  that  no 
current  is  produced  in  any  case  in  which  chemical  action  is  absent.    >>'owJ 
according  In  the  contact  theory,  there  must  in  every  such  instance  l>e 
e:(act  equilibrium  between  the  electric  tensions  of  the  metal  «  and  tl 
nietul  b,  the  liquid  and  the  metal  a,  and  the  liquid  and  the  metal  b.    Thus 
the  theory  requires  a  special  .ndiipution  to  eacu  particular  ease;  it  is  iocft^ 
pable  of  predicting  anything.   (Fanidiiy  ) 

No  circuit  of  three  solid  couliir  ptAtinuDVj  tine,  and  peroxide 


TllEOKV    Of   I.AI.VAMSM. 


313 


of  lead  (f>r  any  imperfectly  cmnlucdng  iiiiiJer:il),  ever  prodiioea  jt  current 
(Faraday) ;  tlie  presence  of  a  decompoeible  lifjuiJ,  whose  atoms  are  bus* 
oeptiblp  of  tr&ns|)osition,  appears  tu  be  indispensable. 

But  tlia  etrungest  oKjection  to  the  theory  of  contact  in  to  be  found  in 
(he  absurd ttteii  whicli  it  involves.  It  is  not,  as  Faraday  obsQrve?,  very 
easy  to  understand  why  the  imknowa  force  which  causes  positive  elec- 
tricity to  accumulate  in  the  zinc,  and  negative  electricity  in  the  copper, 
iloes  not  retrtiii  the-so  electricities  in  the  mctab,  but  allows  them  to  reunite 
cuntinually  tlirough  the  medium  of  tbe  less  pt^rfcctly  conducting  liquid, 
and  produce  a  continuous  current.  This  agiiiu  seems  to  imply  that  the 
decomposition  of  the  liquid  is  the  primary  cause  of  the  current.  Who- 
ever dooa  not  regard  it  id  thL»  light  muet,  iiti  Faraday  haa  shown,  admit 
the  possibility  of  Fet-pettuil  Motiofi.  To  produce  thig  phenomenon,  we 
only  ro<[uire  two  metals  and  a  liquid  whose  elements  do  not  combine 
willi  eithor  of  them.  Tiic  edf-revertinfj  current,  c>tist!intly  excited  by 
thcBo  nictale,  may,  by  nieana  of  electro-niaguetic  arraiigernenta,  he  made 
to  give  niotioa  to  machinery,  without  being  weakened  and  uitiuialely 
destroyed  by  lliis  expenditure  of  force.  At  tbe  saioe  time  it  pcrhajia 
dccompoacfi  the  liquid,  water  for  example;  aud,  in  order  that  tids  liquid 
may  not  require  renewal,  the  detonating  ga*<tfiven  olJ'tnay  be  coUectcil  in 
i  vessel  contiiiningr  spongy  platinum,  where  it  will  recomhiue  and  form 
Mtcr,  and  in  that  stnto  may  flow  bach  again  to  the  mctala.  And  tlicro 
we  have  the  rerpctual  Moiion  complete! 

One  force  callfi  another  into  action: — friction-electricity  is  eicited  by 
niechatiicnl  force;  thernio- electricity  is  connected  with  the  motion  of  heat : 
hnt  contact-el&ctricity  proceeds  from  nothing, — it  '\s,  in  fnct,  a  crorttion  of 
force.  (Faraday.) 

Even  fjupposiug  it  slinuld  hereafter  be  proved  that  electrical  tensii>u  it 
excited  by  the  contact  of  two  dissimilar  c«uductor9j  and  that  the  contaut- 
tbeory  is  to  fur  true  :  atill,  moro  contact  in  a  etato  of  rest  will  never  pro- 
duce a  cr/«f!ffKOM<t  current;  such  a  current  can  ensue  only  from  conliimeiJ 
(;hemicnt  action. — It  is  urged  on  the  part  of  the  contact' theory  that  strnn'» 
chemical  action  is  (dtcn  accompanied  by  very  fei'ble  currents.  The 
chemical  theory  explains  this  fact  by  pointing  to  the  difference  between 
eieclro-chemieal  and  puro  clit'tnical  action,  the  former  of  whicli  alonu 
excites  a  current.  The  contactthenry  regards  this  distinction  aa  an  uit- 
demonBtmtcd  hypothei^ir^,  yesnincd  tu  meet  a  particular  cose.  But,  accord- 
ing to  the  cheiiiioal  ihonrj",  the  dictinction  in  monifestj  for  the  amount  cf 
electro-chemical  action  is  exactly  proportional  to  the  quantity  of  hydro- 
gen pi8  evolvetl  on  the  surface  of  the  copper — and  the  arouuiit  of  pure  or 
ordinary  chemical  action,  to  the  quantity  evolved  on  the  surface  of  pur« 
anc. 

It  U  often  objected  to  the  adherents  of  the  chemical  theory  that  they 
do  not  sufficiently  uuderstaud  the  theory  of  contact.  May  it  not,  on  tlio 
«ther  hniitl,  be  safely  asserlod  that  many  adherents  of  the  eoatact-thi  eiry 
have  never  yet  given  thomselveK  the  trouble  to  acqaire  a  ihoroagh  know- 
ledge of  the  chemical  theory!  On  no  other  supposition  is  it  posaildo  to 
explain  tlicir  frcqtieol  citations  of  facts,  which,  in  their  opinion,  ought 
completely  tn  overturn  the  rheniicnl  theory,  when  in  refdity  they  are  in 
porfect  nccordanco  with  It; — just  as  in  former  days,  many  philosop)rcr», 
oiFiiceinlly  nuion^  ttie  Geroinns,  from  too  great  partiality  towarils  tlio  ol>] 
theory  of  phlogiston,  eudeavouicd  to  support  it  by  the  mosit  inacnioiw 
eitpoaitioiis,  without  [inytng  (joflicicut  attention  to  the  new  antiphWistic 
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i,  N&bili  bM  enfl4snTAnr«d  to  rwlncc  galvanic  elwtricUy  to  therino- 
elcMririly,  in  so  far  ns  the  metals  Uciinio  unequally  licutetl  <luriiig  tba 
cberoicnl  action.     This  view,  wlitcti  \itv^  U-fti  ps]>pci:illy  calleil  ju  tjufslifta 
by  H^'pqtifrc),  dw**  not  s<?eiti  (o  ho  gt^nonillv  upijlii-able  to  the  fact?  of  tJio  ' 
seirnrc  I 

3.  Faltrrmi  [Gitb.  4, 430 ;  fli,  4(1.1)  nnd  Parrot  first  derliwil  thcmsclrei,  | 
in  « I  pi»tl((in  to  V*>Jt.i,  in  favour  of  the  cbtniictil  tlicory.  Among  tl«a< 
drflViftil  siipportr-n)  of  ibis  llipurv,  Itoweveri  tliorc  exist  varions  eUacJfs  of  j 
opidinn.  Sir  H.  Ihivy  aHmitti-il  tlio  oxistrnce  of  cuntnrt  elect ricity  til 
well  a^  tliat  of  ttiomit-jil  floctricitv-  Uthers  aacribo  tlic  j>tii'fiMiiif-n»  uf 
pilvaiiisiii  »(>l{'ty  t'l  clteiniciil  urtion.      Alnonj^  ibeso  laltor.  umel 

til?  cxi^'lciK'*' *tf  <inp  nr  two   inipnttileral)  e  Kutiit^im-cs — tliP  >  ■  liiia.! 

To  thi-i  rl-iss  bt'l(iii;;;s  the  theory  uf  Bef<|iU'rel,  as  wtll  a*  thnl  j>ri..jMi><-(l 
the  |>rc."-fui  work  :  llie  latter  a.grc(L>»  iKorc  plosely  ihun  any  other  witli  tha 
views  of  Gmttliiiiis. — Others  deny  the  exisfonee  of  a  jwetiliar  elecvrical 
matter.  This  view  has  been  most  deciiicily  aJvocatwl  by  Grahiim:  ii 
8iiii[Kt!*cs  tliiit  the  !itoni3  of  !i  Kudy  lire  hrou^^lu  by  elieniical  ftction  into 
peeuiiiir  jmlar  flt:Ue,  wliich  tis  [trupiiiniteil  tltroiiijhout  the  boJy.  au»I  brinj 
about  the  elet'trieal  [>beut)niei)a.  A  full  t'xp<j«itit>n  of  this  tln'ory  will  bt  ■ 
fofiml  tu  Gnthum's  Efntfnti,  of  ChrmiMri/,  [>p.  litj — *235.  De  la.  Rive  auif 
Faratliiy  aJati  appenr  In  incline  lowurJii  this  view,  De  la  Rive  (P-'iJi/.  37J 
1*25)  regards  oHinity  ami  electricity  as  Jlfferent  laanife^tatioDS  of  ihl 
sjinie  force,  »rh)ch  pri>bab!y  conriists  in  this — that  every  atom  has  th4 
piiwer  of  liirnwiii^'  itie  t'tfifr  into  a  certain  state  <>f  vibration.  In  oti 
respects,  matiy  of  his  eiplaiiatifjoe  of  gtUvanie  pheiioinena  approacb  ve 
clo*elv  to  those  liiiil  down  ia  the  present  work.  In  a  similar  mana^ 
Faraday  regards  the  electric  current  ns  only  another  form  of  affinity,  una 
the  forces  ii$iiiLl)y  denotninated  Electricity  and  Affinity,  as  one  aod  tlifl 
eame. 

Experiments  vfaieh  eeem  to  show  that  magnetism  is  not  wholly  witl 
out  induence  on  eryelallization,  aod  on  clicoiicat  coinbiDation  aad  deootr 
position — but  "n-hicb    stand  greatly  in  need  of  verification — bare  licci 
deacrtbeil  by  the  f(>llo\Ting  philosophers:  Artiim  (Gilb.  3,  59;  .*>,  S9A;  8,J 
27fl);  Kiidickc  (GM.  9,  375;   11,  117;  GS,  76);  Magcinaun  A  Hnnstceri 
{Gith.  70,  234);  Murrny  (PMl.  Jfatf.  J.  18,  383;  n.ho  Schw.  34,   133;— 
Ann,  PhiL  19,120);  Sclnveiggcr  and  Doberemer  (ScJae.  U,  84);  Keada 
(Ann,   Vhim.    PAyf.   3».   UiS;  also  KtNitn.   Art-Mv.  1.";,  335);  und  Zant 
deschi  {Hill.  iinh.  43,  2!!^:— ako  Hunt  (Phif.  M(j<},  J.  2S;  1.) 

Opposite  results,    wbidi    seem  to  ahow  that  magnetijfm    exerts    no 
inflticiife  of  the  kiml,  have,   on   the  other  band,  Iteen  obtaiued  by  Sleinr 
hofer  {(Jifb.   14,  124);    Ertntin  (GiU.   26,   13H);  G,    Bisdn.f  (»«  tchio^ 
Le/irb,  J.  rcinrn   (7/«v«i>   1.    etj);  Kiistuer  {Kattn.  dtvA.  fi,  448};  B.  J" 
{Ann.  Phil  19,  39);  Catullo  &  Fasinierl  {Hruyn.  Giorn.  15,  108);  Wet 
Icr  {SrAw.  56,  218);    Schwdasbcrt'  {Ifacf.  Pharm.   31.    17.    and   144) 
Brooke   {E,Uh,  Phil,  J.  13,  8);  Dnlk   [Kmtn.  Archiv.  1,  457)  and  g^ 
muQQ  {S^\B.  56^  24). 

liJAaiftelC  COMDITIUN  OV  KiA.  MATieil. 

IT  Farnday  b.i5  hitely  niado  the  importunt  dL<c«"ivcry  lliii-t  all  tiquw 
and  solid  substances  are  *ubj<"-t  <"  m^-i'tifti.-  ;iinii..ii.-i. — According  (< 
the  i««u]t«  obtained  by  thk  iJies  mav  bo 
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divided  into  two  great  otn^sea— tbo  Mixgjittic  and  the  DiarmgneUe,  Tlie 
farmer  class  int'IniJes  those  boiUea  wliicli  cxhiUit  tlie  well  knuwn  pbe- 
nomeiiji  of  ordinary  inagneno  iitUntftoti  ijtiii  reimlaiuti, — heing  aiimctrd, 
when  iu  their  Uiiltiiiil  stiilc,  by  citlier  jiolo  uf  a  magnet. — and,  wlieu 
sliafied  inti)  liars  nr  rud.s  find  itu&|>CDdi<d  between   twn  opp<)<jite  msgDetio 

Cdes— ]niicitirig  arinUi/,  lliat  is  tn  say,  in  a  straialit  line  between  thent.  The 
>dies  btiloMgiti^  to  tliis  cVabs  are  afl  metallic  (including  uxides  and  ^lalts), 
viz,,  iron,  nickel,  colmlt.  mniig.uu-sej  cbnimiutn,  cerium,  tit;»nium,  palla- 
dJnm,  pIutiiJUHi,  osmium, — The  maguetic  pro|(erties  of  iron,  nickel,  and 
cobftlt  have  long  been  known,  In  tlin  nihcr  mi'tajs  of  tho  sfries,  tn!iju;netia 
Busceptihility  am  imly  bo  tietc{!t«>ii  by  tlio  use  of  maijiiets  of  great  power. 
Maugiinese,  chrotniuin,  cerium,  htaniuni,  and  Oijijiiurn,  ixvo  phiced  by 
Faraday  in  tht;  magnetic  c-luss,  buaiitse  certain  uf  thetr  cumpouuds  exhibit 
tlio  orilinary  mngnciic  relations. 

The  sc'crjud  or  Diawx'jnulic  elasj  iiioludee  all  liquiil&  and  sidiils,  hotli 
organii:  and  inorganie,  whicli  do  not  belong  to  the  hinfftu-tk  clajss.  The 
law  which  o'OTcrns  tho  action  of  magofla  oil  these  bodies  is  as  follows,— 
A  particle  of  a  dinmafjnHic  hudi/  pdtcni  in  the  nci<)hbiiu.rhvi)d  of  eUhrr  pole 
cf  a  TFHtff/iet  is  kki'ELLKD  &//  thai  pole.- — Hence  it  follows,  thut  a  bar  of  any 
aiam;^^^letil;  sub>-tance,  sospuniled  by  its  centre  tjiidwiiy  between  two 
iniiynetie  poles  will  point  eqn.<U<irituii/,  that  '\s  u>  s:iv,  at  right  angles  to 
the  ttniiirht  line  joinitig  the  two  poles — that  being  the  position  iu  which 
every  part  of  it  is  rjt  the  greatest  possihlu  distuiico  from  ciicli  of  the  polesj 
— and  if  its  centre  be  placed  on  either  aide  of  the  axial  line,  ibo  whole 
bar  will  recede  from  that  line,  plaeing  itjsclf  at  theaume  time  ecjuatorially. 
A  globe  or  oube  does  not  pnhtf,  but  exhiliits  the  simple  phenomenon  of 
repulsion. — If  two  small  hiilia  of  any  {liamagnetic  aubstanco  he  suspended 
betwet-n  the  two  msij;nctie  polea,  they  will  he  driven  towards  one  amither, 
itB  if  they  were  actuated  by  niulii;»!  attruction, — The  position  which  »  bai" 
of  any  substance  taken  up  wbeu  susftended  horliontally  between  two  mag- 
netic poles  furuii^he.'i  tbe  host  raea-ns  of  determining  whether  it  hehmgd  to 
Uio  magnetic  or  the  diamairnetic  clanH; — ^if  it  be  magaetlc,  it  will  plaea 
itself  axiatly;  if  dianiajuctic,  equatonally. 

The  di*magnetic  forcn!  cannot  be  perceptibly  developed  without  tba 
use  of  exceedingly  powerful  uiHguets:  electro-uiagnets  answer  the  pur- 
pose best  j  but  large  permanent  magneta  may  alsio  be  u»ed.  The  great 
Dower  required  to  develop  this  mode  of  auction  explains  the  reason  of  ita 
having  been  previously  overlooked. 

Bismuth  appears  to  be  tho  moat  powerfully  diamagnetic  of  all  sub- 
etivnecn;  then  follows  phosphorus,  then  antimoiiv,  then  heavy  glaaa  (silico- 
borate  of  lead),— Among  the  metals,  tbe  orJer  of  diamagnetic  energy 
appears  to  be  as  foUowij;  Bismuth,  antimony,  xinc,  tin,  cadmium,  sodium, 
mercury,  Icsul,  silver,  copper,  gold,  arsenic,  umnim,  rhodmni,  iridium, 
tungiitcu. 

iSoMie  remarkable  results  are  obtained  when  solutions  of  Tnagnetio 
lifpiid.-i  in  sealed  tubes  are  stis]>ended  in  ve.se^'U  filled  with  solutions  of 
»imilax  nature,  but  different  strength,  and  placed  between  the  magnelJo 
polee  For  instaure,  protosniphate  of  iron  \s  a  magnetic  siilislanoe,  lieiiig 
attracted  by  tho  magwet,  and  fiointing  axiaily  between  the  poles.  Kow, 
water  Iwing  a  diamagnetie  liquid,  it  is  possiide,  by  varying  tbe  strength 
of  an  aqhooiis  sjoluti<(ri  of  proto.-ialphate  of  iron,  to  make  it  either  nittg- 
netif,  iijiiiHerent,  or  difUiMunetit-,  when  su«poii(led  in  Jiir.  Suppose,  then, 
two  sointioiiH  of  this  salt  to  be  prepared  of  different  strengths?,  but  such  as 
io  be  both  muguetic  in  air^     Let  ooa  of  theae  solutions  be  jntt  into  a  glauas 
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tube,  and  Ibc  ftthet  into  ajar  within  ythieh  tlie  ttiW  is  to  be  «ii?p?ii<!e4. — 
th*  <)f)|>iMtt(>  |>(tlcB  of  a  powerful  ek>etri»-ni.i£;'ifl  ht'injr  plarctl  ■  -id« 

oftliojar.     TLi"«,  if  iim  tubu  bt*  mirpemlfd  lioriiotttaliy,  wi-  iti» 

luiilway  lictwceu  tlin  pules,  it  will  place  itself  in  the  axial  or  ^{aalorial 
position,  accorclirijily  n-t  the  solution  which  it  contains  i»  strongwr  «t 
wciikor  that)  thut  in  the  jar;— and  if  it  be  »u8p«nde<i  Tfrrticallj?  near  t* 
one  of  [he  pales,  it  will  he  attracted  in  the  former  case  and  rqieUed  in 
tho  latter. 

These  icsulte  sagijest  the  consideration  wlieth^r  the  magnetic  and  di*- 
mametic  eonditionrf  of  in.ittcr  may  not  be  merely  wlalive, — wheiher,  in 
fact,  all  bodies  may  not  be  magnetic  in  different  degrees,  fornnoii  one 
greiit  series  friMU  end  to  end,  with  air  in  the  middle.     Thi*  sopiMisitton  in 
considenildy  strcn>;tliened  hy  a  review  of  ttie  maijnetie  and  iiiania2t)el»f  | 
conditinii.4  of  guses  to  be  immediately  doserihed,     A  great,  if  not  iii-uper-  i 
able,  olywtion  to   it  is,  however,   that  it  would  oblige  ns  X"  admit  th.it  I 
more  sfkare  it*  niafjiietie, — »inee  hioiiiuth  and  all  other  diamagnctie  bodies 
exliiliit  the  siinio   phenomena  in  vacuo  a<*   in  air.     Fara^iay,  therefor*,  I 
inclines  to  the  »iipp<isiiiua  that  diainaj^rnetics  have  a  specitic  action  anti-l 
tijetieallvdiwttnct  from  that  of  ordinary  magaelie  action.    {ErjirrimrtitJit 
Iir*fii€Jif»  in  EhctriciUs,  Series  20  and  SI,  PhU.  Trans.  ISAfi,  1.  21.) 

Air   and    other   gjusi's    exhibit   decided    magnetic    und     dlanraifiieticl 
relations.     Tn  his  fir,-t  expcrinient^j  on  this  ewlyeet,  Faraiiiiy  wii«  led  to  I 
the  cmcluJiion  that  gii-jeoua  hotiies  were  indifferent  to  majjnotic  action,] 
forming  the  zern,  or  middle  point,  between  the  two  ch^sse?  of  miiffnelic' 
and  dtania^ietic   bodies.      BiiDc.ilari  ha:!!  huwcver  i^ince  di.cecivered   thnt 
flatae  po^-.-essea  diamiignetic  properties:  and  ZantMesehi  has  8hown  thil 
air  and   otiier  ga^sea  likewi)?e  exhitiit  diamncrtietic  relations.      The   re-l 
eearelies  of  the.*o  Italian  philosophers  have  been  confirmed  and  extended 
by  Dr.  Faraday:  the  following  are  the  priucipnl  results. 

Aa  arrangeraenl  wa-i  made  by  which  a  ttream  of  any  gas  coahl  be 
delivered  in  a  rerttestt  direction,  eitLer  upwards  or  downwards,  near  the] 
middle  point  of  the  axial  line,  between  two  powcrfnl  magnetic  pole?  of  j 
opposite  names,  but  at  a  short  distance  on  one  fide  of  that  line.  By  thiaf 
arrangement  it  was  found  that  the  following  gases  were  driven  away  from! 
the  mngiietic  axis  and  j-iassed  ofl' ia  the  equatorial  direction — that  is  to] 
say — they  exhibited  diamagnetic  relations  with  rc;fftrd  to  atmosphorioj 
tur:  Nitrogen,  hydro:ren,  carhouic  aeiil,  eorbonic  oxide,  eoal-^as,  olefiant  j 
gas,  8ulj)huroua  acid,  hydmchlorio  acid,  hydriodie  acid,  fluoride  of  tiibcoo,] 
ammoDia,  chlorine,  nitroU!<  oxide,  and  the  vujtour'>  of  bromine  and  iodine.  1 
Nitric  oxide  and  hypimitric  acid  were  also  slightly  diiimaguetic  in  air.  [ 
Oxygen  was  strongly  magnetic — that  is  to  say,  it  was  drawn  townrds  the! 
axis,  and  then  along  it  in  opposite  directions  towards  the  two  poles,  round] 
wiijch  it  accumntated. 

The    lirat    mentioned    gast-s   evidently   differed   from    each    other  Inj 
diaina>,iieti(-  energy:  hut  it  wa?  found  impt^ssibie  by  the  means  abovel 
described   to    farm    anything    like  a    precise  e'=tirante  of  their  reldttvo] 
powers.     To  deteriniuc  this  point,  the  magnetic  poles  were  surrounded 
with  an  atmosphere  of  one  gas,  while  the  other  gaa  yi-aa  directed  in  a 
vortical  stream,  cither  upwards  or  downwards",  near  the  axial   line  aa 
before.     By  this  method  it  was  fonnd  that    (I)   In   cttrbnnic  ncid  fftiti 
Air  and   oxygen  paajied   iixlaliy;  nitrogen,   hvdrogen.  coal   g»s,  olefiant] 
gas,  hydrochloric  acid,  aud  ammonia,  dr  ■":  so  also  did  earbonio] 

oxide  and  nitrous  oxide,— hat  the  action  hie.     (2).  /«  f<^fil-(}m:\ 

Air  appeared  magnetic,  though  but  slightly ;  oxygen  w»e  strongly  mng-| 
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netlci — nitrogen  was  strongly  diamagneticj  otefiaot  gas,  carbonic  oxide, 
and  «irl>onic  acid,  fijcMy  so.  (3)  In  kifdro^en  ffos:  Air,  when  i^rcc  from 
emoke,  p:tt9>'^c]  tixiuUy;  but,  wlica  inixe<l  with  smoke,  it  vraa  citlierludiffe- 
rent  or  passed  eiiiiatorially;  hydrogen  gas  and  atmospheric  air  soem  to 
be  not  ftir  removed  from  cue  anotlier  in  the  scale.  Oxygen  was  strongly 
magnetic;  nitric  oxide  oho  magnetic,  but  in  a  less  degree.  NitrogLm  wjw 
strougly  diamagnetic ;  nitrous  oxide,  carbonic  nxide,  carbonic  acid,  and 
olcfiant  gas  were  also  dianm^ructic ;  hydrochloric  acid  and  ctjlorine 
Eliglitly  so, — Oxygen  appears  to  be  the  most  magnetic  (or  least  diainag- 
uetic)  uf  all  gases. 

When  a  spiral  of  platinum  wire  was  placed  just  below  the  middle 
point  of  the  axial  line  and  irrnited  by  a  voltaic  cnrrent,  the  stream  of  hot 
air  wkicli  roee  up  a^aitist  the  axial  line  was  deflected  at  right  angles  to , 
the  axis,  and  passed  off  in  the  equatorial  direction.  The  same  effect  wai  ' 
fibtained  in  oxygen,  carbonic  acid,  and  coal-gas.  Heuce  it  appears  that 
a  heated  gaa  is  diamapnetic  to  the  sanio  wlien  cold. — A  etrcani  of  cold 
nir  directed  downwards  near  the  axial  line,  was  drawn  towards  that  line. 

The  flame  of  ii  wax  taper  or  of  burning  ether  also  takes  nn  eqnatorial ' 
diiipclion  when  placed  in  or  near  the  middle  of  tho  axial  line.  AVhen 
placed  ii  little  on  one  side  of  the  axia  it  ia  directed  away  frum  that  line, 
jiwt  as  if  a  gentle  wind  were  blowing  upon  it  in  that  direction.  When 
made  to  rise  exactly  in  the  axial  line,  it  di^^ides  itself  into  two  long 
tongues,  directed  at  right  angles  to  the  axis.  This  effect  is  jiarticularly 
striking  with  the  largo  flame  proilnced  by  setting  firo  to  a  ball  of  cottoQ 
soaked  ill  ether.  These  effects  are  evidently  analogous  to  thoRe  just 
deseribt.'d  wiiL  hot  air;  but  thoy  arc  do«btle.«a  partly  due  to  the  eolid 
Cflrbonnceous  particles  in  the  flatne,  which  are  known  to  be  diaiujignetJc. 
In  corroboration  of  this  etippositiou,  it  is  found  that  the  brightest  flames 
are  tho  most  strongly  diamagnetic.  (Fnraday,  Phil.  Maff.  J.  31,  401; 
see  aUo  Zantedeechi,  iif.  31,  421.) 


Addendum. 

OrR  knowledge  of  the  Magnetic  Forces  has  lately  received  the  fol- 
lowing most  important  extension.  In  the  Biikerian  lecture,  delivered 
before  the  Royal  Soeiwty  on  the  7th  of  December,  1848,  "On  the  Crifttal'- 
iifu  Polnritjf  of  Binnnifi  and  othfr  Biidifs,  and  its  Relation  to  Uir.  Mag- 
uHic  Fnnii  nf  Force," — Dr.  Faraday  states,  that,  in  preparing  small 
03-linders  of  bismuth  by  casting  them  in  gla^s  tubes,  he  had  often  been 
cmharraB^ed  by  the  anomalous  Tcsulu  which  they  gave,  and  that  having 
determined  to  investigate  the  matter  closely,  the  enquiry  ended  in  a 
reference  of  the  effects  to  the  cryfilalline  condition  of  the  bismuth,  as  may 
be  1I1U.S  briefly  atjited.  If  bismuth  be  crystallized  in  the  ordinary  way, 
and  then  a  crywtal  or  a  grou|)  of  Hymnietrk  crystals  be  selected  and  sna- 
pctidcfd  in  the  magnetic  field  between  horizontal  poles.  It  iui mediately 
either  pointa  in  a  given  direction  or  vibrates  about  that  position,  as  a 
Bmali  juagnotic  needle  would  do, — and,  if  disturbed  from  this  positron,  it 
ri'tunjs  to  it.  On  resuspendiug  the  crystal,  so  that  the  horizontal  lino 
which  1^5  traasverwe  to  the  magnetic  axis  shall  become  tho  vertical  linr, 
1'  1  point*  with  ita  maxtmunj  degree  of  force.     If  it  be  again  re- 

'^1.  ,  1,  so  that  tho  line  parallel  to  the  magnetic  axis  be  rendered  vcr- 

lioaJ,  the  crystal  loses  all  direetiro  force.     This  Uno  of  direction,  which 
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Utith  to  jilarr  it^lf  paraJlpl  to  ttn  magnotic  axis,  t^**  anthnr  rail?  tht 
i/  .4/-M  of  !'  '.     It  is  pcq" :  so, 

til  ;  I'li  iiji-t  I  /lie  four  I'lfavsi.  lai 

It    il^   th  •.;-:.,:!:':,  W    ti-'fLrl     Cc  Jlifl 

ax(«  lis  V  ■■'    IJH'  !n;j;j:ii-t  :-■  ;iM-.  lln'  I-  liufi 

CH««^  npollcil  trom  u  single  finte  or  Irum  tUe  struoger  of  two  poiw,  iCl 
diainiigitelic  relntions  being  in  no  way  afft'Cl<Hl.  If  ibc  crystal  bo  brukM 
11),  or  if  it  bf  fused  tuxi  n?svlidlfi<xl.  and  tlie  nic^il  tiien  sutyected  to  tins 
action  of  the  magnet,  ttic  dianin^ictic  pbenomena  remain,  hmt  ihr.  nin^e- 
crystalltr  rc.iuUi?  di>aptio!ir,  be<-:iu«?  of  tlio  eonfuscJ  and  opposing  crjgtal- 
liuu  conditiun  of  tlic  vurioue  p(vrt«.  If  an  ingoi  of  bisnuith  he  bruk«D 
U]»,  aud  fra^^'meulary  plates  selected  wbich  arc  erystailiied  nnifonnly 
ttroogljoul,  tliftM)  alau  tKitut, — lUi>  magne-crystallic  axis  lieing,  aa  licfore, 
jM'rpcndicnlar  to  liic  cliief  pkno  uf  cleavage,  and  tbe  externa)  form,  ia 
tbis  respect,  of  mi  consequence.  The  effect  takes  place  when  the  crystal 
i«  surrounded  by  Tuasjics  of  bismuth,  or  when  it  is  immersed  in  water  of 
•oluliou  of  sulphate  uf  irou,  uud  with  ad  macb  furcc  upjKireutly  a^  if  I 
BoUuug  intervened.  Tlic  poiitJon  of  the  crystal  im  tlio  uut^'uetic  Gold  Ib 
afTcctfid  hy  the  appi-oximatiyn  uf  extra  maguct*  or  of  soft  iron;  but  tlio 
aUtllor  nttriiiutes  tijiij  re«iult,  nut  to  auy  attractive  or  repat^ive  forco 
exerted  on  the  bic^math,  but  noly  to  the  dijiturbaiico  of  the  liues  of  force 
or  resultantM  of  magnetic  action,  by  which  they  aequire,  as  it  were,  Bew 
fortn«.  The  law  of  acliun  appears  to  be  thut:  tJw  Uttt  or  axU  ^f  mague- \ 
crpttallic  force  Undt  to  phier  irsc/f  paralli'l,  or  ax  a  tantfent,  to  the  tutg~\ 
netic  curvt  or  line  of'  magnetic  /oi  en  pmnituj  through  the  pltice  where  uU. ' 
cryt'.al  u  fititat^.  Hence  llie  crystal  changes  ita  direction  with  uuf 
ehauge  iu  these  linea.  After  notirtng  the  niagiie-eryetsitlic  cooditioa 
tif  various  bodies,  tlie  author  enters  upon  a  c«  aside  rati  on  of  tJie  naturt 
t^  the  m^'/nr-crffistallic  Jvrce.  In  the  first  place,  he  examines  closely 
whether  a  crystal  of  bismath  has  exactly  the  same  amount  of  repul- 
sion, diamagnetic  or  otherwise,  when  presenting  its  magne-crystaUic 
axis  parallel  or  transverse  to  tlie  lines  of  magnetic  force  acting  upon 
it.  yor  this  purpose,  the  crystal  wns  suspended  either  from  a  torsioo 
balance  or  as  a  pendolnm  thirty  feet  in  length;  but  whatever  the 
position  of  the  magne-crystaliic  axij^,  the  amount  of  repnlgion  was  the 
ESQio.  In  other  experiments^  a  vertical  axis  was  constructed  of  oocoob 
■ilk,  and  the  body  t<>  be  examined  wa^  attached  at  ri|^t  angles  to  it,  as  ft 
isdtuB.  A  prismatic  crystal  of  eulpbatc  of  iron,  for  instance,  whose 
leUjl^th  was  tour  tJmeis  its  broidtfa,  was  fixed  on  the  axis  with  its  length 
aa  radium  and  ita  magne-erystallic  axis  horizontal,  and  therefore  as 
tangent :  thrai,  when  this  crystal  wa£  at  re.Bt  under  the  torsion  force  of 
the  axis,  an  electro- magnetic  pole,  with  a  conical  termination,  wns  so 
pliieed  that  the  axial  line  of  toaguetic  force  should  be,  when  exerted, 
oblique  to  both  the  length  and  the  magne-crystatlic  axis  of  the  crystal: 
and  the  consequence  wag,  that,  when  tlie  electric  current  circulated  round 
the  magnet,  the  crystal  actually  refuted  from  the  magnet  under  tha 
iullueoce  of  the  force,  which  tended  to  plaoe  the  niaini9-<:>7stallie  .ind  the 
magnetic  uxis  parallel.  Employing  a  crysita]  or  a  pUte  of  bisniuth,  that 
boily  could  be  made  to  approach  the  magnetic  pole  under  tbu  inducnue  uf 
the  niajtne-crystallic  force;  and  this  force  in  s*)  strung  a^  to  cuuntenust 
either  the  tendency  of  the  ma^uelie  btnly  to  approach  or  "f  thp  diaoia^ 
netic  body  to  retreat,  when  it  is  exerted  in  the  contntry  ■'  Hence 

the  author  concludes  that  it   is  neithi^r  attrnction    n<>i  m    that 

CAU3e£  the  aet  or  detenuJnes   the  tin:il   position  of  a   uiuguu^ryatallitt 
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body.  He  next  considers  it  as  a  force  dependent  upon  the  crystalline 
eonditioD  of  the  body,  and  therefore  associated  with  the  original  malecular 
forces  of  the  matter.  He  shows  experimentally  that  as  the  magnet  can 
move  a  crystal,  so  likewise  a  crystal  can  move  a  magnet.  Also  that 
heat  takes  away  the  power  just  before  the  crystal  fuses,  and  that  cooling 
restores  it  to  its  original  direction.  He  next  considers  whether  the 
effects  are  due  to  a  force  altogether  original  and  inherent  in  the  crystal, 
or  whether  that  which  appears  in  it  is  not  partly  induced  by  the  magnetic 
and  electric  forces;  and  concludes  that  the  force  manifested  in  the 
magnetic  field,  which  appears  by  external  actions  and  causes  the  motion 
of  the  mass,  is  chiefly  and  almost  entirely  induced,  in  a  manner  subject 
indeed  to  the  crystalline  force  and  additive  to  it,  but  at  the  same  time 
exalting  the  force  and  the  effects  to  a  degree  which  they  could  not  have 
approached  without  the  induction.  To  this  part  of  the  force  ho  applies 
the  word  Magneto-crystdllic,  in  contradistinction  to  magne-crystallic, 
'which  is  employed  to  express  the  condition,  or  quality,  or  power  which 
belongs  essentially  to  the  crystal.  In  conclusion,  Dr.  Faraday  remarks 
"how  rapidly  the  knowledge  of  molecular  forces  grows  upon  us,  and  how 
strikingly  every  investigation  tends  to  develop  more  and  more  their 
importance,  and  their  extreme  attraction  as  an  object  of  study.  A  few 
years  ago,  magnetism  was  to  us  an  occult  power,  affecting  only  a  few 
bodies;  now  it  is  found  to  influence  all  bodies,  and  to  possess  the  most 
intimate  relations  with  electricity,  heat,  chemical  action,  light,  crystal- 
lization, and,  through  it,  with  the  forces  concerned  in  cohesion ;  and  we 
may,  in  the  present  state  of  things,  well  feel  urged  to  continue  in  our 
laliours,  encouraged  by  the  hope  of  bringing  it  into  a  bond  of  union  with 
gravity  itself."  {Athenaeum,  No.  1103,  p.  1266.) 
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